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INTRODUCTION

The freshwater fish fauna of California is in serious trouble. Species, subspecies, salmon runs,
and unique populations are on a fast track to extinction (Moyle and Williams 1989). The rapid rate of
loss is of more than just local interest: 66 of the 116 native fish taxa are found only in California, and
many of the remainder are shared with only a few other western states. In the event these fishes are lost
from California, they will be globally extinct; there are no populations in some distant or remote location
that can be used to resurrect the local populations. These fishes represent millions of years of
evolutionary response to the fluctuating and often harsh aguatic environments of the state. As a result,
there is extraordinary diversity of form and function among the native fishes. They are found in habitats
ranging from tiny desert springs, to rivers that have huge fluctuations in flow, to high mountain streams,
to shallow alkaline lakes, to salty estuaries. Although the native fishes are admirably suited for surviving
the vagaries of nature, they have done poorly when forced to compete with humans for the waters that
are their homes. Most streams have been dammed, diverted, turned inside out by mining, or altered by
poor watershed management. Many lakes and marshes have been drained or filled in. Waters of all types
have been polluted to one degree or ancther. Furthermore, numerous non-native fishes have been
introduced that compete with or prey on the natives.

In the first edition of this report (Moyle et al. 1989) we delineated the severity of the problem by
documenting 52 species, subspecies, or salmon runs that required special protection or management to
prevent their ultimate extinction. In addition to these 52 taxa, six forms already were extinct and 15
others had been formally listed as threatened or endangered by the state. In total, these 73 taxa
represented 64 percent of the freshwater fish fauna of California. Unfortunately, in the short period since
the first report, the situation has become substantially worse, in large part because prolonged drought
accelerated the declines of many species. In the present report, we have added seven species accounts
(green sIurgeonl, longfin smelt, eulachon, chum salmon, Sacramento late-fall run chinook salmon, southern
steelhead, and blue chub) and have removed three (Modoc brook lamprey, delta smelt, and winter-run
chinook salmon). The lamprey was removed because we no longer regard it as a valid species, and the
delta smelt and winter-run chinook were removed because they have been formally listed by the state as
threatened or endangered species. Among the forms included in both editions, 19 have been downgraded
to a worse category (e.g., from specia concern to threatened or endangered) and only two (Gualala roach
and Lahontan lake tui chub) have been upgraded.

In this report, we treat 54 taxa (Table 1), of which 25 are recommended for threatened or
endangered status in California and 27 others are regarded as needing special attention to prevent further
declines. Two of the species are probably extinct in the state (pink salmon, High Rock Spring tui chub),
but we include them because some uncertainty about their status still exists. Presently, nine native fish
taxa (including the two above) are extinct in California, and 16 are formally listed as threatened or
endangered.

The remaining 38 of the 116 native fish taxa are considered still to be secure. However, even the
status of the fishes regarded as secure should not be taken for granted. Five of the species newly included
in this report were al regarded as secure in 1989 but were added mainly as the result of better
information. At least some of the taxa are known to be declining (e.g., winter steelhead, Pacific lamprey)
but have not yet reached the point where inclusion in this report is merited. Other taxa were not included

! Scientific names for al fishes are given in Table 1



in this report because of lack of information on their abundance (e.g., three subspecies of hitch, mountain
whitefish) or taxonomy (e.g., isolated populations of speckled date, California roach, and tui chub).

The decline of Caifornid's fishes, and of other aguatic organisms, will continue, and many
extinctions will occur unless the widespread nature of the problem is recognized and a systematic effort
is made to protect agquatic habitats in all drainages. Moyle and Y oshiyama (1994) proposed a five-tiered
approach to protecting aquatic organisms. (1) formal listing of species in imminent danger of extinction,
(2) specia management for regional clusters of potentially endangered species with similar environmental
requirements (Table 2), (3) creation of a system of Aquatic Diversity Management Areas (ADMAS) that
includes representatives of all major aguatic habitats statewide, (4) creation of a statewide system of key
watersheds. and (5) development of regional landscape management strategies that include multiple
watersheds. An ADMA is an agquatic habitat or ecosystem that has as its first management priority the
protection of biodiversity. Small ADMASs are essentialy equivalent to Significant Natural Areas in the
CDFG Natural Diversity Data Base, a designation used mainly for terrestrial ecosystems. Key watersheds
are ADMAs that include entire large (<50 km?) watersheds that possess their natural flow regime. The
task of protecting the native aguatic biota using the recommendations of Moyle and Y oshiyama (1992,
1994), or any other system, is extraordinarily difficult because California's human population is growing
rapidly, and the demand for the stat€'s limited water is growing with it. It is, nevertheless, a task well
worth undertaking for the preservation of the state's biological and genetic aquatic resources.

METHODS

The first step in creating this report was compiling a list of freshwater fishes of California. This
task is not as easy as might be assumed because there are many undescribed populations of fishes around
the state whose relationship to described forms is poorly known, yet they seem to have distinctive
morphological or ecological characteristics. We included undescribed or poorly described forms in this
report if they were listed in Moyle (1976), Hubbs et al. (1979), or in other authoritative sources, or if our
personal experience indicated they had a high probability of eventually becoming formally recognized
taxa. The poor descriptions and lack of life-history and distributional information for many species
indicates a need for more work on them, preferably before they become extinct. The need is particularly
acute for the many isolated populations of widely distributed species such as tui chub, California roach,
and Sacramento sucker (Brown et a. 1992). The extensive work done on one such species, rainbow trout,
demonstrates that many of these populations probably deserve recognition as distinct taxa (Behnke 1992).
The forms listed as undescribed subspecies in this report are only the most obvious of these populations.
All taxa in this report, however, fit the definition of species in the Federal Endangered Species Act of
1973 as " any species, subspecies, or distinct population that interbreeds in nature" as well as the concept
of an Evolutionarily Significant Unit as described in Waples (1991).

The second step for each account was to compile the information on the biology of each taxon
from the literature and from unpublished sources, especially CDFG file reports. The information was
summarized in a standard format, following that recommended for endangered species petitions by the
Cdlifornia Fish and Game Commission: (1) description, (2) taxonomic relationships, (3) life history, (4)
habitat requirements, (5) distribution, (6) abundance, (7) nature and degree of threats, and (8) management.
Unless otherwise indicated, descriptions and taxonomic histories were based on Moyle (1976). Fish
lengths were recorded as total length (TL), fork length (FL), or standard length (SL), although the latter
was used wherever possible.



Once the basic information was compiled, we gave each taxon a status rating. This rating was
assigned only after consultation with other individuals knowledgeable about the species, athough we take
full responsibility for the final assignments. The rating system we used was as follows:

Class 1. Endangered or Threatened

These are 25 taxa that conform to the state definitions of threatened or endangered species and
could qualify for addition to the official list. This designation does not necessarily mean that the fishes
should be added to the list; forma listing may be justifiably avoided or postponed, provided there are
ongoing efforts to protect and enhance populations of these fishes, as is currently happening for the four
taxa of Goose Lake fishes.

Class 2. Special Concern

These 12 taxa have low, scattered, or highly localized populations and require active management
to prevent them from becoming Class 1 species. Most of these species have declined in abundance in
recent years and need to have this trend reversed. Some of the species (e.g., Death Valley pupfishes) have
highly localized populations that are stable but are faced with long-term environmental threats that may
cause a sudden diminution in numbers.

Class 3. Watch List

These are 15 taxa occupying much of their native range, but were formerly more widespread or
abundant within that range. Taxa with very restricted distributions (e.g., Eagle Lake tui chub) are aso
included here. The populations of such species need to be assessed periodicaly (i.e., every five years)
and included in long-term plans for protected waterways (e.g., ADMAS).

Class 4. Secure

These are the 38 species or forms not extinct, not listed as threastened or endangered, and not
included in this report. We assume, often based on extremely limited data, that their populations are
either stable, expanding or, if declining, still reasonably abundant.

The following agency and institution abbreviations are used in this report: AFS (American
Fisheries Society), BLM (Bureau of Land Management), CDFG (California Department of Fish and
Game), CDPR (Cadlifornia Department of Parks and Recreation), CVP (Central Valley Project), DWR
(Cdifornia Department of Water Resources), PG&E (Pecific Gas and Electric Company), SWP (State
Water Project), UCD (University of California, Davis), USBR (U.S. Bureau of Reclamation), USFS (US
Forest Service), and USFWS (U.S. Fish and Wildlife Service).

Species accounts in the first edition of this report were assembled from the literature and files of
Moyle and Williams by Wikramanayake. Moyle and Williams then wrote the sections on threats and
management and revised other sections. For the second edition, Moyle and Y oshiyama updated and
extensively revised al origina accounts and added the seven new ones.
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TABLE 1. Status of native freshwater fishes of California. Only taxa known to have had reproducing
populations in the state are included. Ichthyologica provinces are abbreviated “S’ for Sacramento, “C”
for Colorado, “G” for Great Basin, “K” for Klamath, and “L” for South Coastal (Figure 1).

PROVINCES

Extinct or Extirpated:

Bull trout, Salvelinus confluentus”

Thicktail chub, Gila crassicauda

Bonytail chub, Gila elegans”

Clear Lake splittail, Pogonichthys ciscoides
Colorado squawfish, Ptychocheilus lucius”
Flannelmouth sucker, Catostomus Iatipinnis3’
Tecopa pupfish, Cyprinodon nevadensis calidae
Pink salmon, Oncorhynchus gorbuscha ¥ ¥
High Rock Spring tui chub, Gila bicolor ssp.”

w
OXOO0O0NnOU0LOM

Formally Listed as Endangered or Threatened (or under formal consideration):

Winter-run chinook salmon, Oncorhynchus tshawytscha
Delta smelt, Hypomesus transpacificus

Little Kern golden trout, Oncorhynchus mykiss whitei
Lahontan cutthroat, Oncorhynchus clarki henshawi
Paiute cutthroat, Oncorhynchus clarki seleniris

Mohave tui chub, Gila bicolor mohavensis

Owens tui chub, Gila bicolor snyderi

Sacramento splittail, Pogonichthys macrolepi dotus”
Modoc sucker, Catostomus microps

Lost River sucker, Deltistes luxatus

Razorback sucker, Xyrauchen texanus

Shortnose sucker, Chasmistes brevirostris

Desert pupfish, Cyprinodon macularius

Owens pupfish, Cyprinodon radiosus

Cottonball Marsh pupfish, Cyprinodon salinus milleri”
Tidewater goby, Eucyclogobius newbenyi

Unarmored threespine stickleback, Gasterosteus aculeatus williamsoni
Rough sculpin, Cottus asperrimus”

wm
NFrXOOO0OXORXOVLOOOO VW O®M

-

Z Extirpated in California only and programs to reintroduce the species have been established.

¥ Extirpated in California, but persist in upper Colorado River, State and Federa Endangered Species, with reintroduction
programs underway so individuals may occasionally be caught in California waters.

Y Extirpated in California but abundant elsewhere.
¥ Covered in this report
¥ Under formal consideration for listing by the federal government only.

" Listed by State government only.



TABLE 1 - continued

PROVINCES

Class 1. Qualify as Endangered:

Southern steelhead, Oncorhynchus mykiss irideus
Spring-run chinook salmon, Oncorhynchus tshawytscha
Chum salmon, Oncorhynchus keta

Longfin smelt, Spirinchus thaleichthys

Cowhead Lake tui chub, Gila bicolor vaccaceps

Red Hills roach, Lavinia symmetricus ssp.

Santa Ana speckled date, Rhinichthys osculus ssp.

Shoshone pupfish, Cyprinodon nevadensis shoshone

Shay Creek threespine stickleback, Gasterosteus aculeatus ssp.

00

rorneOor-rxx "™

Class 1. Qualify as Threatened:

Goose Lake lamprey, Lampetra tridentata ssp.

Green sturgeon, Acipenser medirostris

Coho salmon, Oncorhynchus kisutch

Summer steelhead, Oncorhynchus mykiss irideus

Eagle Lake rainbow trout, Oncorhynchus mykiss aquilarum
Goose Lake redband trout, Oncorhynchus mykiss ssp.
McCloud River redband trout, Oncorhynchus mykiss ssp.
Goose Lake tui chub, Gila bicolor thalassina

Amargosa Canyon speckled dace, Rhinichthys osculus ssp.
Owens speckled dace, Rhinichthys osculus ssp.

Goose Lake sucker, Catostomus occidentalis lacusanserinus
Santa Ana sucker, Catostomus santaanae

Saratoga Springs pupfish, Cyprinodon nevadensis nevadensis
Amargosa pupfish, Cyprinodon nevadensis amargosae

Salt Creek pupfish, Cyprinodon salinus salinus

nonom
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TABLE 1 - continued

PROVINCES

Class 2. Special Concern:

Kern brook lamprey, Lampetra hubbsi

Late-fall chinook salmon, Oncorhynchus tshawytscha
Kern River rainbow trout, Oncorhynchus mykiss gilberti
Volcano Creek golden trout, Oncorhynchus mykiss aguabonita
Coasta cutthroat trout, Oncorhynchus clarki clarki

Blue chub, Gila coerulea

Arroyo chub, Gila orcutti®

Clear Lake hitch, Lavinia exilicauda chi

Pit roach, Lavinia symm etricus mitrulus

Sacramento perch, Archoplites interruptusg/

Klamath largescale sucker, Catostomus snyderi

Russian River tule perch, Hysterocarpus traski pomo

w

(%)
NAXONVLOEFRXNOX MW

Class 3. Watch List:

Klamath River lamprey, Lampetra similis

River lamprey, Lampetra ayresi

Eulachon, Thaleichthys pacificus

Lahontan lake tui chub, Gila bicolor pectinifer
Eagle Lake tui chub, Gila bicolor ssp.

San Joaguin roach, Lavinia symmetricus ssp.
Monterey roach, Lavinia symmetricus subditus
Navarro roach, Lavinia symmetricus navarroensis
Tomales roach, Lavinia symmetricus ssp.

Gualala roach, Lavinia symmetricus parvipinnis
Hardhead, Mylopharodon conocephalus

Owens sucker, Catostomus fumeiventris
Mountain sucker, Catostomus platyrhynchus
Bigeye marbled sculpin, Cottus klamathensis macrops
Reticulate sculpin, Cottus perplexus

w

ANOO0NNVLNNOLOOAX A

Class 4. Population Status Apparently Secure:

Petromyzontidae

Searun Pacific lamprey, Lampetra tridentata tridentata’®
Pit-Klamath brook lamprey, Lampetra lethophaga
Pacific brook lamprey, Lampetra pacifica

nwmom
X X X

¥ Qudlified as Threatened Species in native range.

o Specia Concern status for Clear Lake population, Watch List for populations outside native range.

W n decline.



TABLE 1 - continued

PROVINCES

Acipenseridae
White sturgeon, Acipenser transmontanus

w
~

Salmonidae

Mountain whitefish, Prosopium williamsoni*”
Fal-run chinook salmon, Oncorhynchus tshavvytschalﬂ
Coastal rainbow trout, Oncorhynchus mykiss irideus
Winter steelhead, Oncorhynchus mykiss irideus™

—

nuvwonm
<AX ®

Cyprinidae

Lahontan creek tui chub, Gila bicolor obesa

Klamath River tui chub, Gila bicolor bicolor

Pit River tui chub, Gila bicolor ssp.

Lahontan redside, Richardsonius egregius
Sacramento hitch, Lavinia exilicauda exilicauda™
Monterey hitch, Lavinia exilicauda harengus™
Sacramento roach, Lavinia symmetricus symmetricus
Sacramento blackfish, Orthodon microlepidotus
Sacramento squawfish, Ptychocheilus grandis

Klamath speckled dace, Rhinichthys osculus klamathensis
Lahontan speckled dace, Rhinichthys osculus robustus
Sacramento speckled dace, Rhinichthys osculus ssp.

NOXOOLOLOLOLOO®OARO

Catostomidae

Sacramento sucker, Catostomus occidentalis occidentalis
Monterey sucker, Catostomus occidentalis mnioltus

Tahoe sucker, Catostomus tahoensis

Klamath smallscale sucker, Catostomus rimiculus

~AO0wm

Cyprinodontidae
Cdifornia killifish, Fundulus parvipinnis

—

Gasterosteidae

Partially-plated threespine stickleback, Gasterosteus aculeatus microcephalus™ S
Fully-plated threespine stickleback, Gaster osteus acul eatus acul eatus S,

AR
|

Embiotocidae
Sacramento tule perch, Hysterocarpus traski traski
Clear Lake tule perch, Hysterocarpus traski lagunae

wwm

" In decline and probably deserve to be on watch list.



TABLE 1 - continued
PROVINCES

Cottidae

Coastal prickly sculpin, Cottus asper ssp.

Sacramento prickly sculpin, Cottus asper ssp.

Clear Lake prickly sculpin, Cottus asper ssp.

Riffle sculpin, Cottus gulosus

Pit sculpin, Cottus pitensis

Upper Klamath marbled sculpin, Cottus klamathensis klamathensis

Lower Klamath marbled sculpin, Cottus klamathensis polyporus
Paiute sculpin, Cottus beldingi

Coastrange sculpin, Cottus aleuticus

%
<

XOXXONOWNWOOXR
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FIGURE 1. Ichthyological Provinces of California (after Moyle 1976).
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TABLE 2. Clusters of fish species recommended for coordinated management in ecosystem-level
management strategies. The clusters usually exclude most native fishes regarded as secure, although some
declining species in the secure category are included and al native fishes are included for isolated bodies
of water. This is not an exhaustive list of potential management clusters.

Sacramento-San Joaquin Estuary
Delta smelt

Longfin smelt

. Sacramento splittail

Chinook salmon (four runs)

. Green sturgeon

White sturgeon

River lamprey

~NouhAwNRF

San Joaquin River Drainage
1. San Joaquin roach

2. Red Hills roach

3. Hardhead

4. Kern brook lamprey

5. Fall-run chinook salmon

North Coast Streams
Coho samon
. Summer steelhead
Pink salmon
Chum salmon
Coastal cutthroat trout
. Green sturgeon
California roach subspecies
. Tidewater goby

ONOURWN R

Monterey Bay Streams
Coho samon

Winter steelhead
Monterey roach
Monterey hitch
Speckled dace
Sacramento sucker
Tidewater goby

OUUTAWN R

Lower Klamath River

. Coho samon

Spring-run chinook salmon
. Chum salmon

. Summer steelhead

Coastal cutthroat trout
Green sturgeon

. Longfin smelt

NO A WN R

11

VI.

VII.

VIII.

XI.

8.
9.

Eulachon
River lamprey

Upper Klamath River

g wWwNpE

Shortnose sucker

Lost River sucker
Klamath largescale sucker
Klamath River lamprey
Blue chub

Rogue River Tributaries

1
2.

Coastal cutthroat trout (landlocked)
Reticulate sculpin

Goose Lake

O wdpP

. Goose Lake lamprey

Goose Lake tui chub
Goose Lake sucker
Goose Lake redband trout
Pit sculpin

Upper Pit River

Modoc sucker

Pit roach

Pit River tui chub
Bigeye marbled sculpin
Rough sculpin
Hardhead

Clear Lake

Clear Lake hitch
Sacramento perch

Clear Lake prickly sculpin
Clear Lake tule perch
Sacramento blackfish

Russian River

oG hwN R

Russian River tule perch
Hardhead

Coho samon

Pink salmon

Tomales roach

. Winter steelhead



TABLE 2 - continued

XIl. Eagle Lake

Eagle Lake trout

Eagle Lake tui chub
Tahoe sucker

Lahontan redside
Lahontan speckled dace

ghrwpnE

XI111. Owens Valley
1. Owens speckled dace
2. Owens tui chub
3. Owens sucker
4. Owens pupfish

12

X1V.

XV.

Death Valley

Amargosa Canyon speckled dace
Amargosa pupfish

Saratoga Springs pupfish

Salt Creek pupfish

Cottonball Marsh pupfish
Shoshone pupfish

ok wWNE

Southern California Coastal
Threespine stickleback (all forms)
Santa Ana sucker

Santa Ana speckled dace

Arroyo chub

Southern steelhead

Tidewater goby

oA~ wWdpE



KERN BROOK LAMPREY
Lampetra hubbs (Vladykov and Kott)

Status: Class 2. Special Concern.

Description: The Kern brook lamprey is a non-parasitic lamprey endemic to the San Joaquin drainage
(Brown and Moyle 1992). Its morphology is like that of other lampreys: ed-like body, no paired fins,
and a sucking disc instead of jaws. Larvae, known as ammocoetes, are similar to adults in shape but lack
eyes and a well-developed oral disc. The Kern brook lamprey is much smaler than the parasitic
anadromous lampreys; adults range from 81 to 139 mm TL and ammocoetes from 117 to 142 mm TL.
Ammocoetes are typicaly larger than adults because non-parasitic lampreys shrink following
metamorphosis (Vladykov and Kott 1976). The number of trunk myomeres (i.e. the “blocks’ of muscle
mass along the body) ranges from 51 to 57 in ammocoetes (Tables 3, 4). In adults, the supra-oral lamina
(tooth) typically has 2 cusps, with 4 inner lateral teeth on each side of the disc. The typical cusp formula
is 1-1-1-1 (Vladykov and Kott 1976). The sides and dorsum are a grey-brown and the ventral area is
white. Dorsal tins are unpigmented, but there is some black pigmentation restricted to the area around
the notochord in the cauda fin (Vladykov and Kott 1976).

Taxonomic Relationships: Lampetra hubbsi was first described by Vladykov and Kott (19764) as a dwarf,
non-parasitic species in the genus Entosphenus. We conform to the nomenclature of Robins et al. (1991)
in use of Lampetra. Non-parasitic species of lampreys are derived from parasitic anadromous species
(Bond and Kan 1973). Thus L. hubbsi is thought to be derived from the parasitic L. tridentatus. Another
small non-parasitic species, L. richardsoni, is also found in central California and is differentiated from

L. hubbsi on the basis of certain anatomical features (Tables 3, 4). Lampetra richardsoni is a derivative
of L. ayresi.

Life History: No documentation of the life history of Kern brook lamprey exists. However, if the life
history is comparable to that of other non-parasitic brook lampreys, they should live for approximately
4-5 years as ammocoetes before metamorphosing into adults. Metamorphosis occurs during fall. The
adults presumably overwinter and spawn the following spring after undergoing nuptial metamorphosis.
Individuals of some species, however, are known to mature neotenically, retaining pre-nuptial
pigmentation and body morphology; such lampreys spawn during the summer or the following year after
overwintering.

Habitat Requirements: Principal habitats of Kern brook lamprey are silty backwaters of large riversin
the foothill regions (mean eevation = 135 m; range = 30-327 m). In summer, ammocoetes are usually
found in shallow pools along edges of run areas with dight flow (L.R. Brown, pers. comm.) at depths of
30-110 cm where water temperatures rarely exceed 25°C. Common substrates occupied are sand, gravel,
and rubble (average compositions being 40%, 22%, 23%, respectively). Ammocoetes seem to favor
sand/mud substrate where they remain buried with the head protruding above the substrate and feed by
filtering diatoms and other micro-organisms from the water. This type of habitat is apparently present
in the siphons of the Friant-Kern Canal. Adults likely require the coarser gravel-rubble substrate for
spawning.

Distribution: Lampetra hubbsi was first discovered in the Friant-Kern Canal, but it has since been found
in the lower reaches of the Merced River, Kaweah River, Kings River, and San Joaquin River (Brown and
Moyle 1987, 1992, 1993; Fig. 1). In 1988, ammocoetes and adult lampreys were found in several siphons
of the Friant-Kern Canal, when they were poisoned during an effort to rid the canals of white bass
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(Morone chrysops). The “low-count” lampreys (i.e., low numbers of trunk myomeres) reported from the
upper San Joaguin River between Millerton Reservoir and Kerckhoff Dam by Wang (1986) are also most
likely L. hubbsi, as are similar ammocoetes from the Kings River above Pine Flat Reservair.

Abundance: Since this species was first discovered in 1976, attempts to fully document its range have
been only partially successful. However, data collected to date suggest that this species is a San Joaguin
endemic (Brown and Moyle 1992, 1993). Isolated populations of Kern Brook lamprey seem thinly
distributed throughout the San Joaquin drainage, and their abundances are probably much reduced.
Ammocoetes thrive in the dark siphons of the Friant-Kern Canal, but it is unlikely that there is suitable
spawning habitat in the canal, so those individuals probably do not contribute to the persistence of the
Species.

Nature and Degree of Threat: Populations of this species are thinly scattered throughout the San Joaquin
drainage and isolated from one another. Such a fragmented distribution makes local extirpations likely,
without hope of recolonization, followed by eventual extinction of the species. The probability of local
extirpation is increased by the fact that al known populations are located below dams, where stream flows
are regulated without regard to the needs of the lampreys. Fluctuations or sudden drops in flow may
isolate or dry up ammocoetes. Channelization or other work on the river banks may eliminate backwater
areas required by the ammocoetes. Gravel needed for spawning may be eliminated or compacted, o it
cannot be used by adults. Ammocoetes may also be carried to “dead-end” habitats such as the Friant-Kern
siphons. Clearly, management of flows in the lower reaches of rivers of the San Joaquin drainage will
need to consider the needs of this lamprey in order for the species to persist.

Management: More extensive surveys are needed to determine the present range and distribution of L.
hubbsi, including determination if ammocoetes use the silty bottoms of siphons in the Friant-Kern Canal.
The surveys should focus on adults. Several known areas of suitable habitat should be selected for special
management or protection from incompatible uses. Known or probable populations should be monitored
by sampling every two to five years.
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Table 3. Comparative counts and measurements of lamprey ammocoetes from Vladykov (1973), Vladykov and Kott (1976, 1979), Richards et a. (1982) and Brown
and Moyle (unpubl. data). Data from Brown and Moyle are given as mean + S.D. (above) and range (below). Data of other studies are mean (above) and range
(below).

Lampetra ayresi L. richardsoni L. tridentata L. hubbsi L. hubbsi
(Richards et a.) (Vladykov) (Vladykov and Kott) (Brown & Moyle)
Total length(mm) 117 128 130 106 + 19
69 - 119 75 - 143 117 - 144 66 - 140
Trunk myomeres 65 54 68 55 5442
63 - 67 52 -57 66 - 70 53 - 57 51-57

Table 4. Diagnostic characteristics of recently transformed adult lampreys of four species of Lampetra. Data are from Vladykov and Follett (1958, 1965), Vladykov
(1973) and Vladykov and Kott (1976).

L. ayres L. richardsoni L. tridentata L. hubbsi
Trunk myomeres 68 56 66 56

(60 - 71) (53 - 58) (63 - 70) (54 - 57)
Cusps on supraora lamina 2 2 3 2-3
Inner lateral “teeth” 3 3 4 4
Cusps on infraoral lamina 89 7.7 51 5.0

(7 - 10) (7 - 10) (5-6) 5
Row of posterial “teeth” absent absent present present’
Parasitic? yes no yes no

‘Absent from two of eleven specimens examined by Brown and Moyle (unpubl. datd).
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FIGURE 2. Distribution of the Kern Brook lamprey, Lampetra hubbsi, in California.
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GOOSE LAKE LAMPREY
Lampetra tridentata ssp.

Status: Class 1. Threatened; classified in Oregon as “senditive-critical,” due to its highly restricted range
and vulnerability.

Description: This parasitic lamprey is similar to the widespread Pacific lamprey, L. tridentata tridentata,
except that it is much smaller (adult TL 19-25 cm vs. 30-40 cm for Pacific lamprey). Both forms can be
recognized by the sharp, horny plates in the sucking disc, the most distinctive being the crescent-shaped
supraoral plate, which has three distinct cusps. The middle cusp is smaler than the two lateral cusps.
Adult Goose Lake lamprey are shiny bronze. Ammocoetes can be distinguished from those of the
sympatric L. lethophaga by the larger number of myomere segments (64-70 between the last gill opening
and anus).

Taxonomic Relationships: The Goose Lake lamprey is presumably derived from the sea-run Pacific
lamprey from the Klamath drainage. Its closest relatives are found in the confusing complex of lamprey
taxa of the upper Klamath River; it is most similar to L. similis. It probably aso has affinities with the
Pit-Klamath brook lamprey, L. lethophaga, a nonparasitic species with which it is sympatric (Hubbs 1971).
However, Goose Lake and the Pit River drainage to which it connects have been separated from the
Klamath drainage since the early Pleistocene (1-3 million years), so it is amost certain that the Goose
Lake lamprey deserves recognition as a distinct species or subspecies. Hubbs (1925) recognized the
distinctness of this form but did not formally describe it.

Life History: The life history of this taxon is largely unknown, but presumably the adults live for a year
or two in Goose Lake, preying on Goose Lake tui chubs, suckers, and redband trout. It is likely that they
migrate up suitable tributary streams in winter or spring for spawning. They have to move up far enough
to find gravel for spawning and to have enough suitable soft-bottomed habitat downstream of the
spawning area for survival of the ammocoetes. Thus, spawning areas may be as much as 20-30 km
upstream from the lake. Ammocoetes probably spend 4-6 years in the streams before metamorphosing
into adults and moving into the lake.

Habitat Requirements: Adults live in shallow, akaline Goose Lake where they prey on larger fishes.
Goose Lake is described in the Goose Lake tui chub account. Like other lampreys, Goose Lake lampreys
require gravel riffles in streams for spawning, and the ammocoetes require muddy backwater habitats
downstream of the spawning areas. However, the habitat requirements of this lamprey have never been
specifically studied.

Distribution: The Goose Lake lamprey is endemic to Goose Lake and its tributaries in Oregon and
Cdlifornia. However, the streams most important for spawning and as habitat for the ammocoetes have
not been identified with certainty. They have been collected only from Willow, Lassen and Cold
(tributary to Lassen Creek) creeks, Modoc County (G. Sato, BLM, pers. comm.; CDFG unpubl. data), but
a thorough search of the tributary streams for lampreys has not been done. It is likely that dams now
restrict the distribution of ammocoetes by blocking the migration of adults and by drying up suitable
habitats downstream. In Lake County, Oregon, a population apparently exists in Cottonwood Reservoir
on Cottonwood Creek (Oregon Dept. of Fish and Wildlife, unpubl. data).

Abundance: Goose Lake lampreys were fairly common in the Goose Lake until the lake dried up in the
summer of 1992. They were readily collected from large tui chubs caught in gillnets (R. White, USFWS,
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pers. comm.). The Goose Lake lamprey has a high probability of becoming extinct during a period of
prolonged drought if the lake and lower tributaries are dry for severa years in a row. However, the
ammocoetes may persist for 3-4 years if there is adequate water flowing over the habitats they occupy.
The Cottonwood Reservoir population is of unknown size but the reservoir may serve as a refuge,
provided a minimum pool is maintained throughout extended drought periods.

Nature and Degree of Threat: The principa threat to the Goose Lake lamprey is dessication of its habitat,
Goose Lake and its tributaries.  The combination of severe, extended drought and reduced inflow into
the lake presumably resulted in accelerated desiccation of the lake during the 1986-1992 drought.
Diversions, dams, culverts, and other obstructions may be preventing migrating adults from reaching
spawning areas in tributary streams, although the reservoirs may also be serving as refuges for the species.
The diversion of water from streams for agriculture and other uses may have reduced or dried up habitats
required by ammocoetes. Habitat may also have been lost through stream channelization and erosion
caused by livestock grazing in riparian areas. The loss of habitat for ammocoetes is likely to be
particularly severe in the lower reaches of the inflowing streams. Although Goose Lake has presumably
dried up in the past and the lamprey and other fishes have persisted, recent watershed conditions probably
have increased the rate and time span of dessication and reduced access to upstream refuges.

Management: Until recently, the lamprey and other Goose Lake fishes were largely unmanaged which
contributed to the likelihood of their extinction. A Goose Lake Fishes Working Group has been formed,
however, with representatives from private landowners, federal and state agencies, and nongovernmental
organizations with interest in the lake and its fishes to explore management measures for al the fishes
(Sato 1992a). The biology and status of the population in Cottonwood Reservoir needs to be investigated,
as well as the possibility of establishing similar refuge populations of the species elsewhere.  As soon
as possible, an investigation of this unusual lamprey’s life history and habitat requirements should be
conducted to determine what management measures are required. Improving access and flows in streams
in California and Oregon, especially Lassen, Willow, and Thomas creeks, would benefit not only the
Goose Lake lamprey but also Goose Lake redband trout, sucker, tui chub, and speckled dace.
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FIGURE 3. Distribution of the Goose Lake lamprey, Lampetra tridentata ssp., in California.
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KLAMATH RIVER LAMPREY
Lampetra similis (Vladykov and Kott)

Status:; Class 3. Watch List.

Description: The Klamath River lamprey is a smal (14-27 cm TL, mean 21 cm) predatory lamprey with
strong, sharply hooked cusps on the ora plates, most notably three strong cusps on the supraoral plate.
It has 10-15 teeth in the anterior field above mouth, 4 inner lateral plates on each side with the typical
cusp formula of 2-3-3-2, 20-29 cusps on the transverse lingua lamina (tongue plate), and 7-9 velar
tentacles. Trunk myomeres are 58-65 (usually 60-63). The disc length is about 9 percent of the total
length and is as wide or wider than the head. The horizonta diameter of the eye is about 2 percent of
the total length. Coloration is similar to Pacific lamprey although it is often more heavily pigmented.
Ammocoetes have not been described.

Taxonomic Relationships: The Klamath river lamprey was described by Vladykov and Kott (1979) from
specimens caught in the Klamath River, California. Four other species of lamprey have aso been
described from the upper Klamath basin: Lampetra tridentata (dwarf Pacific lamprey), L. lethophaga (Pit-
Klamath brook lamprey), L. minima (Miller Lake lamprey), and L. folletti (Modoc brook lamprey). The
dwarf, landlocked Pacific lamprey is the presumptive ancestor of the other forms. The Pit-Klamath brook
lamprey seems to be generally accepted as the standard nonpredatory lamprey of the upper Klamath and
Pit River drainages, and the Miller Lake lamprey (now extinct) is accepted as an unusually small
predatory form isolated in one Oregon lake. The other forms are more controversial. The Modoc brook
lamprey was described by Vladykov and Kott (1976) from specimens obtained from Willow Creek
(Modoc County), a tributary to Clear Lake Reservoir on the Lost River. It was described as a
nonpredatory species but it apparently is predatory so there seems to be little reason to separate it from
the dwarf Pacific lamprey (C. Bond, pers. comm.). As a consequence, it has not been widely accepted
as a distinct species (Robins et a. 1991). We agree with this opinion so have not included the Modoc
brook lamprey in this edition. Technicaly, however, the Modoc brook lamprey should continue to be
recognized as a species until the designation has been formally refuted in a careful, published analysis.
In contrast to the Modoc brook lamprey, the Klamath River lamprey seems to be distinct enough to be
regarded as a separate taxon (C. Bond, pers. comm.).

Life History: There is no specific information on the biology of this species athough the adults seem to
live in the Klamath River itself, as well as lakes and reservoirs, where they prey on the native suckers and
cyprinids.

Habitat Requirements: Little is known about the habitat requirements of this species athough it is likely
that the anmocoetes have requirements similar to those of the Kern brook lamprey.

Distribution: This species is known only from the upper Klamath River and Upper Klamath Lake in
northern California and southern Oregon. Its exact range, past or present, is not known.

Abundance: Nothing is known about the abundance of this species, nor of other lampreys endemic to the
upper Klamath drainage.

Nature and Degree of Threat: The lakes and rivers within their limited range have been severely modified
by dams, diversions, and pollution, so it is likely that the both the abundance and range of the Klamath
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River lamprey have been diminished. Given the deteriorating state of aquatic habitats in the drainage,
especially during the 1986-1992 drought years, it is likely that their numbers are declining.

Management: There is a real need for a systematic survey of the upper Klamath basin for lampreys and
other native fishes to determine their status. For the Klamath River lamprey there is a particular need to
determine the habitats required for spawning and for ammocoetes. A survey of the magnitude needed
would necessarily be a joint venture among state agencies in California and Oregon, as well as federal
agencies involved in managing water projects and wildlife refuges in the region. There is also a need for
genetic and morphometric studies of the lampreys to unravel the complex taxonomy of the species, in
order to determine just what is being managed.
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FIGURE 4. Distribution of the Klamath River lamprey, Lampetra similis, in California.
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RIVER LAMPREY
Lampetra ayres (Gunther)

Status: Class 3. Watch List.

Description: The river lamprey is small (average length of spawning adults about 17 cm) and predaceous,
with an ora disc that is generdly at least as wide as the head. The horny plates (teeth in the oral disc)
are well developed but become progressively blunter in spawning individuals. The middle cusp of the
transverse lingual lamina is well developed. There are three large latera plates (circumorals) on each
side, the outer two bicuspid, the middie one tricuspid. The supraoral plate has only two cusps that often
appear as separate teeth, while the infraora plate has 7-10 cusps. The eye is large compared to other
Cdifornia lampreys, the diameter being 1 to 1.5 times the distance from the posterior edge of the eye
to the anterior edge of the first branchial opening. The number of trunk myomeres is high, averaging 68
in adults, and 67 (65-70) in ammocoetes. Adult river lampreys are dark on the back and sides, silvery
to yellow on the belly, and the tail is darkly pigmented. As the lamprey becomes sexually mature, the
gut degenerates and the two dorsal fins grow closer together, eventualy joining. Ammocoetes can be
recognized by their pale heads (especially around the gill openings), a prominent line behind the eye spot,
and a tail in which the center tends to be lightly pigmented (Richards et al. 1982).

Taxonomic Relationships: In 1855, William O. Ayres described the river lamprey from a single specimen
collected in San Francisco Bay and named it Petromyzon plumbeus. Unfortunately, that name had already
been given to a European species of lamprey. So, in 1870, A. Gunther renamed it P. ayresi. In 1911,
C. T. Regan decided that this species and the European river lamprey, Lampetra fluviatilis, were identical.
This diagnosis was accepted until 1958, when the careful redescription of the river lamprey by V.D.
Vladykov and W.I. Follett showed that it is indeed a distinct species, L. ayresi.

Life History: The biology of river lampreys has not been studied in California so the information in this
account is based on studies in British Columbia (Roos et al1.1973, Beamish and Williams 1976, Beamish
1980, Beamish and Y ouson 1987), where the timing of events in. the life history may not be the same as
in Cdlifornia

The ammocoetes begin their transformation into adults when they are about 12 cm TL, during the
summer. The process of metamorphosis may take 9-10 months, the longest known for any lamprey.
Lampreys in the fina stages of metamorphosis congregate immediately upriver from salt water and enter
the ocean in late spring. Adults apparently only spend 3-4 months in salt water, where they grow rapidly,
reaching 25-31 cm TL.

River lampreys prey on a variety of fishes in the 10-30 cm TL size range, but the most common
prey seem to be herring and salmon. Unlike other species of lamprey in California, river lampreys
typically attach to the back of the host fish, above the lateral line, where they feed on muscle tissue.
Feeding continues even after the death of the prey. The effect of river lamprey predation on prey
populations is minimal (Beamish and Williams 1976). River lampreys can apparently feed in either salt
or fresh water.

Adults migrate back into fresh water in the fall and spawn during the winter or spring months in
small tributary streams. While maturing in streams, river lampreys shrink in length by about 20 percent.
They dig saucer-shaped depressions in gravelly riffles for spawning. Fecundity estimates for two females
from Cache Creek, Yolo County, were 37,300 eggs from one 17.5 cm TL and 11,400 eggs for one 23 cm
TL (Vladykov and Follett 1958). Adults die after spawning. Ammocoetes remain in silt-sand backwaters
and eddies and feed on algae and microorganisms. The length of the ammocoetes stage is not known but
it is probably 3-5 years, so the total life span of river lamprey would be 6-7 years.
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Habitat Requirements: The habitat requirements of spawning adults and ammocoetes have not been
studied in Cadlifornia. Presumably, the adults need clean, gravelly riffles in permanent streams for
spawning, while the ammocoetes require sandy backwaters or stream edges in which to bury themselves,
where water quality is continuously high and temperatures do not exceed 25°C.

Distribution: River lampreys have been collected from large coastal streams from fifteen miles north of
Juneau, Alaska, down to San Francisco Bay. In California, they have been recorded only from the lower
Sacramento and San Joaquin rivers and from the Russian River (Lee et al. 1980), but they have not really
been looked for elsawhere. Wang (1986) indicates that a landlocked population may exist in upper
Sonoma Creek (Sonoma County), a tributary to San Francisco Bay. Throughout their range, they
apparently exist only as widely scattered, isolated populations. C. Bond (pers. comm.) has found them
only in the Columbia and Yaquina Rivers in Oregon (separated by 182 km). Likewise, they are known
only from two large river systems in British Columbia, in the center of their range (Beamish and Neville
1992).

Abundance: Trends in the populations of river lamprey are unknown in California, but it is likely that
they have declined, along with the degradation of suitable spawning and rearing habitat in rivers and
tributaries. River lamprey are abundant in British Columbia, the center of their range, but there are
relatively few records from California, the southern end of their range.

Nature and Degree of Threat: The river lamprey has become uncommon in California, and it is likely
that the populations are declining because the Sacramento, San Joaguin, and Russian rivers and their
tributaries have been severely altered by dams, diversions, pollution, and other factors. Two tributary
streams where spawning has been recorded in the past (Sonoma and Cache creeks) are both severely
altered by channdization, urbanization, and other problems.

Management: We cannot manage the river lamprey until we know more about its biology. Its distribution,
abundance, life history, and habitat requirements in Cdifornia all need to be investigated.

24



J
.‘ L" i

[] \.}/ ’p !:
: 5 S /
: 5 QL
L3 - lj
o :
R % X% {
o\ _-;;-: <3 6

(,

\\\
\\
\\
= \‘
\1.
\Q
/QL, A\,
\
b}
\\
\

FIGURE 5. Distribution of river lamprey, Lampetra ayresi, in California. Dotted line along the north
coast indicates probable distribution.
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GREEN STURGEON
Acipenser medirostris Ayres

Status. Class 1. Threatened. The green sturgeon is a legal sport fish in Oregon, Washington, and parts
of Cdifornia. It is considered a threatened species in Canada and Russia.

Description: Sturgeons, with their large size, subterminal and barbeled mouths, lines of bony plates on
the sides, and heterocercal (shark-like) tail, are among the most distinctive of freshwater fishes. Green
sturgeon have a dorsal row of 8-11 bony plates (scutes), lateral rows of 23-30 scutes, and two bottom
rows of 7-10 scutes. The dorsal fin has 33-36 rays, and the ana fin, 22-28. Green sturgeon are similar
in appearance to white sturgeon (Acipenser transmontanus), with which they co-occur, except that the
barbels are usually closer to the mouth than to the tip of the long, narrow snout. In addition, there is one
or more scutes behind the dorsal fin, as well as behind the anal fin (both lacking in white sturgeon). Body
color is olive-green, with an olivaceous stripe on each side and scutes that are paler than the body.

Taxonomic Relationships. The green sturgeon was described from San Francisco Bay in 1854 by W. O.
Ayres as Acipenser medirostris, the only one of three species he described from the Bay that is till
recognized. While there is no question about the validity of this species, the geographic variation in the
species has received little attention. It is likely that the Asiatic populations belong to a different species
or subspecies athough they are morphologicaly similar to the North American populations and even share
some unusua parasites (P. Foley, unpubl.). The Japanese population was described as Acipenser mikadoi
based on one poorly preserved specimen (Jordan and Snyder 1906). Schmidt (1950) designated the Asian
form (the Sakhdin sturgeon in the Russian literature) as a distinct subspecies, Acipenser medirostris
mikadoi. Recent DNA measurements indicate that the Asian form has approximately twice the DNA
content of the North American form (Birstein 1993). Birstein (1993) thus considers them to be two
separate species, an Asian form, A. mikadoi Hilgendorf and a North American form, A. medirostris.
Birstein (1993) aso suggests that there may be a considerable genetic difference between California
populations of A. medirostris and those further north.

Life History: The ecology and life history of green sturgeon have received comparatively little study,
evidently because of their generally low abundance in most estuaries and their low commercia and sport-
fishing value in the past. Adults are more marine than white sturgeon, spending limited time in estuaries
or fresh water.

Green sturgeon migrate up the Klamath River between late February and late July. The spawning
period is March-July, with a peak from mid-April to mid-June (Emmett et a. 1991). Spawning times in
the Sacramento River are probably similar, based on times when adult sturgeon have been caught there
(see abundance section, below). Spawning takes place in deep, fast water. In the Klamath River, a pool
known as “The Sturgeon Hole’ (1.5 km upstream from Orleans, Humboldt County) apparently is a mgjor
spawning site, because leaping and other behavior indicative of courtship and spawning are often observed
there during spring and early summer (Moyle 1976). In the Sacramento River, angler catches of green
sturgeon in the Feather River indicate that this tributary may be a mgjor spawning grounds (P. Foley,
pers. comm.).

Female green sturgeon produce 60,000-140,000 eggs (Maoyle 1976), which are about 3.8 mm in
diameter (C. Tracy, minutes to USFWS mesting on green sturgeon, Arcata, Calif., May 3, 1990). Based
on their presumed similarity to white sturgeon, green sturgeon eggs probably hatch around 196 hours (at
12.7°C) after spawning, and the larvae should be 8-19 mm long; juveniles likely range in size from 2.0
to 150 cm (Emmett et al. 1991). Juveniles migrate out to sea before 2 years of age, primarily during
summer-fall (Emmett et al. 1991). Length-frequency analyses of sturgeon caught in the Klamath Estuary
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by beach seine indicates that most green sturgeon leave the system at lengths of 30-60 cm, when they are
1 to 4 years old, athough a magjority apparently leave as yearlings (USFWS 1982). They apparently
remain near estuaries at first, but can migrate considerable distances as they grow larger (Emmett et al.
1991). Individuals tagged by CDFG in San Pablo Bay (part of the San Francisco Bay system) have been
recaptured off Santa Cruz, California, in Winchester Bay on the southern Oregon coast, at the mouth of
the Columbia River and in Gray's Harbor, Washington (Chadwick 1959, Miller 1972). Most tags for
green sturgeon tagged in the San Francisco Bay system have been returned from outside that estuary (D..
Kohlhorst, minutes to USFWS mesting).

Green sturgeon grow approximately 7 cm per year until they reach maturity at 130-140 cm, around
age 15-20. Thereafter growth slows down. The maximum size in the Klamath River in recent years has
been around 230 cm (USFWS 1982). The largest fish have been aged at 40 years, but this is probably
an underestimate (T. Kisanuki, pers. comm.). The largest green sturgeon are typicaly femaes and
virtualy al fish over 200 cm are femae (USFWS 1982).

Juveniles and adults are benthic feeders, and may also take small fish. Juveniles in the
Sacramento-San Joaquin Deltafeed on opossum shrimp (Neomysis mercedis) and amphipods (Corophium
sp.) (Radtke 1966). Adult sturgeon caught in Washington had been feeding mainly on sand lances
(Ammodytes hexapterus) and callianassid shrimp (P. Foley, unpublished). In the Columbia River estuary,
green sturgeon are known to feed on anchovies, and they perhaps also feed on clams (C. Tracy, minutes
to USFWS meeting). Adults can reach sizes of 2.3 m FL and 159 kg, but in San Francisco Bay most are
probably less than 45 kg (Skinner 1962).

Habitat Requirements. The habitat requirements of green sturgeon are poorly known, but spawning and
larva ecology probably are similar to that of white sturgeon. However, the comparatively large egg size,
thin chorionic layer on the egg, and other characteristics indicate that green sturgeon probably require
colder, cleaner water for spawning than white sturgeon (S. Doraoshov, pers. comm.). In the Sacramento
River, adult sturgeon are in the river, presumably spawning, when temperatures range between 8-14°C.
Preferred spawning substrate likely is large cobble, but can range from clean sand to bedrock. Eggs are
broadcast-spawned and externally fertilized in relatively high water velocities and probably at depths >3
m (Emmett et a. 1991). The importance of water quality is uncertain, but silt is known to prevent the
eggs from adhering to each other (C. Tracy, minutes to USFWS meeting).

Distribution: In the ocean off North America, green sturgeon have been caught from the Bering Sea to
Ensenada, Mexico, a range which includes the entire coast of California. They have been found in rivers
from British Columbia south to the Sacramento River in California. There is no evidence of green
sturgeon spawning in Canada or Alaska, athough small numbers have been caught in the Fraser and
Skeena rivers, British Columbia (Houston 1988). Green sturgeon are particularly abundant in the
Columbia River estuary and individuals had been observed 225 km inland in the Columbia River
(Wydoski and Whitney 1979); presently they are found almost exclusively in the lower 60 km and do not
occur upstream of Bonneville Dam (ODFW 1991). There is no evidence of spawning in the Columbia
River or other rivers in Washington. In Oregon, juvenile green sturgeon have been found in several of
the coastal rivers (Emmett et a. 1991) but spawning has only been confirmed in the Rogue River (A.
Smith, minutes to USFWS mesting; P. Foley, unpubl.). In California, green sturgeon spawning has been
confirmed in recent years only in the Sacramento River and the Klamath River, although spawning
probably once occurred in the Eel River as well (Moyle et a. 1994).

Abundance: In California, green sturgeon have been collected in small numbers in marine waters from
the Mexican border to the Oregon border. They have been noted in a number of rivers, but spawning
populations are known only in the Sacramento and Klamath Rivers (see below). The following
distributional information on green sturgeon in California waters was compiled by Patrick Foley (UCD).
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Southern California. Only a few green sturgeon have been reported from the southern California coast
(Fitch and Lavenberg 1971). The magjority of these fish were less than 100 cm TL and weighed under
4 kg. The largest green sturgeon reported taken in the ocean south of Point Conception was a mature
male, 163 cm and 25.7 kg, caught by a commercial fisherman near Dana Point, Orange County (Fitch and
Schultz 1978).

Abundance of green sturgeon gradually increases northward of Point Conception. They are
occasionally caught in Monterey Bay (G. Cailliet and R. Lea, pers. comm.). A tagged green sturgeon was
recovered near Santa Cruz, Santa Cruz County (Miller 1972). Within the holdings of the California
Academy of Sciences (CAS) are a skeleton collected at Moss Landing Beach, Monterey County, and a
complete specimen acquired from the Santa Cruz Municipal Pier Aquarium (D. Catania, pers. comm.).

Sacramento-San Joaquin drainage. The San Francisco Bay system, consisting of San Francisco Bay, San
Pablo Bay, Suisun Bay and the Delta, is home to the southernmost reproducing population of green
sturgeon. In fact, green sturgeon were originaly described from San Francisco (Ayres 1854). White
sturgeon are the most abundant sturgeon in this system; green sturgeon have always been comparatively
uncommon (Ayres 1854, Jordan and Gilbert 1883). Intermittent studies by the CDFG between 1954 and
1991 have measured and identified 15,901 sturgeon of both species. Based on these data, a green
sturgeon to white sturgeon ratio of 1:9 was derived for fish less than 101 cm FL and 1:76 for fish greater
than 101 cm FL (D. Kohlhorst, CDFG, pers. comm.). If we assume that green sturgeon and white
sturgeon are equally vulnerable to capture by various gear and that the CDFG population estimates of
white sturgeon (11,000-128,000, depending on the year) are accurate (Kohlhorst et al. 1991), then the
number of green sturgeon in the estuary longer than 102 cm has ranged from 200 to 1,800 fish (D.
Kohlhorst, pers. comm.). These numbers should be regarded as very rough estimates because the above
assumptions are shaky.

The numbers of juvenile green sturgeon are presumably even more variable than the number of
adults since reproduction is presumably episodic (characteristic aso of white sturgeon, Kohlhorst et al.
1991). One indication of this is the numbers of green sturgeon salvaged at the SWP and CVP fish screens
in the south Delta, which are mainly juveniles. Between 1979 and 1991, 6,341 fish identified as green
sturgeon were captured at the two facilities combined; 32,708 white sturgeon were identified in the same
period. Annua numbers ranged from 45 (1991) to 1476 (1983). Other high salvage years were 1982
(1,093) and 1985 (1,377). However, these data are not particularly reliable because of poor quality control
of both count and species identification (D. Kohlhorst, pers. comm.). In addition, juvenile sturgeon are
probably more vulnerable to entrainment at low or intermediate outflows.

Indirect evidence indicates that green sturgeon spawn both in the Sacramento River and the
Feather River. They have been reported in the mainstream Sacramento River as far north as Red BIuff,
Tehama County (river km 383) (Fry 1979). Small, young green sturgeon have been taken near Hamilton
City, Glenn County (river km 317) (Fry 1979). Additionally, four young green sturgeon were collected
a the Red Bluff Diversion Dam in late October, 1991 (K. Brown, pers. comm.). River guides have taken
adult green sturgeon at the Anderson Hole, about 6 km above the Hamilton Bridge (G. Jewdll, pers.
comm.). A dead adult green sturgeon was found on April 18, 1991, at river km 378 (approximately 5 km
south of Dairyville, Tehama County), by USFWS biologists (K. Brown, pers. comm.). Live adult green
sturgeon have been observed by USFWS crews surveying winter-run chinook salmon, Oncorhynchus
tshawytscha, in the 16-km reach of river below Red Bluff Diversion Dam in 1991 and 1992 (K. Brown,
pers. comm.). In 1991, 20 large sturgeon were sighted in this area between April 3 and May 21. In 1993
and 1994, a number of green sturgeon were caught by anglers in the Feather River (P. Foley, pers.
comm.). It is possible that some spawning occurs in the San Joaquin River, because young green sturgeon
have been taken at Santa Clara Shoal, Brannan Idand State Recreational Area, Sacramento County
(Radtke 1966) and a single specimen from Old River isin the CAS callection (D. Catania, pers. comm.).
However, fish from these areas could also have come from the Sacramento River.
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North Coast. North of San Francisco, green sturgeon are encountered with greater frequency. They are
recorded from Tomales Bay (Blunt 1980, D. Catania, pers. comm.) and, while numbers are small, they
are roughly equal in abundance to white sturgeon (R. Plant, pers. comm.). A tagged green sturgeon was
recovered near Bodega Head (D. Kohlhorst, pers. comm.) and small numbers are taken incidentally by
a near-shore halibut fishery centered at Bodega Bay (C. Haugen, pers. comm.). Further north, a single
specimen was collected from the Noyo River (D. Catania, pers. comm.).

From the Edl River northward, green sturgeon predominate in the rivers and estuaries aong the
coast of California, and it is likely that most records of sturgeon caught in rivers between San Francisco
Bay and the Klamath River refer to green sturgeon. However, most early references regarding sturgeon
from this area failed to identify the species and some reports indicated white sturgeon to be more
abundant (Fry 1979). As a result, much confusion has ensued as to the relative abundance of both species
throughout this region. Historical accounts from 19th century newspapers (The Humboldt Times) provide
the earliest evidence of sturgeon in the Eel River drainage. At this time sturgeon were reported from the
mainstem Eel River, South Fork of E€l River and the Van Duzen River (Wainwright 1965). While not
confirmatory, length and weights given in these newspaper accounts would be consistent with adult green
sturgeon.

In the middle part of this century, two young green sturgeon were collected in the mainstem Eel
River and large sturgeon were observed jumping in tidewater (Murphy and DeWitt 1951). Two additional
young green sturgeon were taken from the Eel River in 1967 and are in the fish collection a8 Humboldt
State University. Substantial numbers of juveniles were caught by CDFG in the mainstem Ed River
during trapping operations in 1967-1970 (Puckett 1976): 22 at Edl Rock in 1967, 53 at McCann in 1967
and 161 in 1969, 221 at Fort Seward in 1968, and smaller numbers at other localities. Green sturgeon
have been included in lists of natural resources found in the Edl River Delta (Monroe and Reynolds 1974,
Blunt 1980). There have been no green sturgeon collected from the E€l River since 1970. However,
CDFG hiologists D. McCleod and L. Preston observed a 1+ m long sturgeon, most likely a green
sturgeon, in a gravel extraction trench in the mainstem Eel upstream of the Blue Lake Bridge (river mile
16) on May 20, 1992. Likewise, a ca. 1.75 m sturgeon was observed in April 1995 in the lower E€l River
when pools were sampled with a boat eectrofisher (B. Harvey, USFS, pers. comm.).

Records of sturgeon in the Humboldt Bay system, consisting of Arcata Bay to the north and
Humboldt Bay to the south, are amost exclusively green sturgeon. Ten years of trawl investigations in
South Humboldt Bay produced three green sturgeon (Samuelson 1973). Records from Arcata Bay are
more numerous. On August 6 and 7, 1956, 50 green sturgeon were tagged in Arcata Bay by CDFG
biologist Ed Best (D. Kohlhorst, pers. comm.). Total length ranged from 57.2 cm to 148.6 cm with a
mean TL of 87.0 cm (£ 20.6 cm SD). In 1974, nine green sturgeon were collected over a two-month
period in Arcata Bay (Sopher 1974). Tota length of these fish ranged between 73-112 cm. The Coast
Oyster Company, Eureka, pulls an annual series of trawls in Arcata Bay in order to decrease the
abundance of bat rays, Myliobatis californica. Green sturgeon are incidentally taken in this operation.
Eight green sturgeon collected for parasite evauation in 1988 and 1989 had total lengths ranging between
78-114 cm. One large individual, 178 cm TL and 18.2 kg, was returned to the bay.

Green sturgeon have been reported from the Mad River (Fry 1979). Recent evidence of their
presence is scant and any green sturgeon in the Mad River, due to the river's small size, would likely be
limited to the estuary (B. Bamgrover; pers. comm.).

An occasional green sturgeon is encountered in the coasta lagoons of Humboldt County (T.
Roelofs, pers. comm.). Big Lagoon and Stone Lagoon are connected to the ocean during part of the year
and migrating sturgeon may gain entry at this time. In June 1991, a 120-cm green sturgeon was gillnetted
in Stone Lagoon (T. Rodlofs, pers. comm.).

Klamath and Trinity Rivers. The largest spawning population of green sturgeon in California is in the
Klamath River Basin. Both green sturgeon and white sturgeon have been found in the Klamath River
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estuary (Snyder 1908a, USFWS 1980-91) but white sturgeon are taken infrequently, in very low numbers,
and are presumed to be coastal migrants (USFWS 1982). A sturgeon investigation program initiated in
1979 by USFWS found that almost all sturgeon occurring above the estuary were green sturgeon (USFWS
1980-83). Sturgeon primarily use the mainstem Klamath River and mainstem Trinity River, but have also
been seen in the lower portion of the Salmon River.

Both adults and juveniles have been identified in the mainstem Klamath River. Adults are taken
annually, spring and summer, by an in-river Native American gillnet fishery. The numbers average
around 500 fish per year (see below). They have also been taken by sport fishermen as far inland as
Happy Camp (river km 172) (unpubl. CDFG Tagging Data 1969-73, Fry 1979, USFWS 1981). However,
the usua upstream limit for the spawning migration appears to be Ishi Pishi Falls, upriver from Somes
Bar, Siskiyou County (approximately river km 113). A few juveniles have been taken as high up as Big
Bar (river km 81) (T. Kisanuki, pers. comm.), but most have been recovered by seining operations
directed at salmonids in the tidewater (USFWS, CDFG). Sampling by the USFWS captured 7 juveniles
in (June) 1991 and 23 in (June-July) 1992 (T. Kisanuki, pers. comm.).

The Trinity River enters the Klamath River at Weitchpec (river km 70). The earliest green
sturgeon described from the Klamath Basin came from the Trinity River (Gilbert 1897). Both adults and
juveniles have been identified; 211 sturgeon, between 7-29 cm TL, were captured near Willow Creek,
Humboldt County, incidental to a salmonid migration study in July-September, 1968 (Healey 1970). The
USFWS has collected juvenile green sturgeon in recent years from the Trinity River, as far up as Big Bar:
2 (in 1989), 0 (1990), 6 (1991) and 36 (1992) (T. Kisanuki, pers. comm.). Adults are caught yearly in
a Native American gillnet fishery (USFWS 1980); based on the oral history as recounted by Y urok tribal
elders, the Native American fishery has harvested green sturgeon since “historical” times-- at least since
the turn of the (20th) century, and quite likely earlier (T. Kisanuki, pers. comm.). Spawning migrants
penetrate the mainstem Trinity River up to about Grays Falls, Burnt Ranch, Trinity County (river km 72).

Sturgeon have also been reported to use the South Fork Trinity River, athird-order stream entering
above Willow Creek (river km 51) (USFWS 1981). Ora histories from old-time residents confirm this.
However, a large flood in 1964 had devastating effects on anadromous fish habitat in this subbasin (U.S.
Department of the Interior 1985). Millions of cubic yards of soil were moved into South Fork Trinity
River and its tributaries. Channd widening and loss of depth resulted. This event, aong with other
changes in subbasin morphology, has apparently resulted in the loss of suitable sturgeon habitat. There
are no recent sightings from this watershed.

The Salmon River is a fourth-order stream entering the Klamath River at Somes Bar (river km
106). The water in thisriver is generally clear and becomes turbid only during high run-off periods. Adult
sturgeon have been seen swimming in this river by observers standing on bluffs overhead. The
approximate limit to upriver migration is at the mouth of Wooley Creek (river km 8), a third-order stream.
Juveniles have yet to be found in the Salmon River, however.

Del Norte County. Green sturgeon have been taken during gillnet sampling in Lake Earl (D. McCloud,
pers. comm.). Lake Earl is located along the coast of Del Norte County, 8 km north of Crescent City and
11 km south of the mouth of Smith River. It is connected by a narrow channel to Lake Talawa, a smaller
lake directly to the west. A sand spit separates Lake Talawa from the ocean and is occasionally breached
by winter storms or by human activities. Coastal migrant green sturgeon enter at this time and become
trapped after the sand spit is rebuilt (Monroe et al. 1975).

The Smith River is the northernmost river along the Cdlifornia coast, entering the ocean
approximately 5 km south of the Oregon border. Blunt (1980) included green sturgeon in an inventory
of anadromous species found in the Smith River. They occasionaly enter the estuary and have been
observed in Patrick’s Creek, an upstream tributary 53 km from the ocean (Monroe et al. 1975). Juveniles
have not been found.
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Nature and Degree of Threat: The green sturgeon is apparently reduced in numbers throughout its range,
although evidence is limited. In the Sacramento River, there is no direct evidence of a decline, but the
small size of the population and the difficulty of studying it would make a decline hard to document until
the population collapses. The reasons for considering the green sturgeon to be a threatened species are
as follows:

(1) The exploitation of green sturgeon in commercial, sport, Native American, and illegal fisheries
appears to have been excessive for many years. It likely that all these fisheries depend largely on
sturgeon from California.  Compilation of the data from the various fisheries indicate that about 6,000
to 11,000 green sturgeon were being harvested per year. While there is no direct evidence of a decline,
the dtatistics are very incomplete and it highly likely that fishing pressure has been increasing in recent
years. In addition, the average size of the sturgeon being caught declined in the Columbia. This problem
is less than it once was, however, because of the 1993 ban on the sport fishery for sturgeon aong the
north coast, the elimination of the targeted commercia fishery in Washington, and the increase in
minimum size for sturgeon in the California sport fishery.

(2) A number of presumed spawning populations have apparently been lost in the last 25-30 years in
Cdlifornia (e.g., South Fork Trinity River, E€l River) and the only known spawning populations are in the
Sacramento, Klamath, and Rogue (Oregon) rivers, all of which have flow regimes affected by water
projects. It is highly probable that these are now the only spawning populations in North America

(3) The size and structure of their eggs indicate that green sturgeon are adapted for spawning in cold, low-
silt water (S. Doroshov, pers. comm.), conditions that probably once existed most consistently in the
Sacramento and other rivers above where Shasta Dam is now located. Because Red Bluff Diversion Dam
has apparently been a barrier to green sturgeon migration until recently, it is possible that they have been
forced to spawn in suboptimal conditions in the lower Sacramento River.

(4) Green sturgeons are potentially in trouble worldwide. Rochard et a. (1990) state in their review of
the status of sturgeons worldwide: “Those [species of sturgeon] which do not have particular interest to
fishermen (A. medirostris, Pseudoscaphirhynchus spp.) are paradoxically most at risk, for we know so
little about them (p. 131)” In Japan, Asiatic green sturgeon (A. mikradoi) have apparently been extinct
for 40 or more years (K. Amaoka, pers. comm.); they once had spawning runs in the rivers of Hokkaido
(Otaki 1907). In Russia, the Asiatic green sturgeon is listed as a Category 4 species (probably endangered
but with insufficient information to be classified as such). Borodin et a. (1984) note that it has been little
studied but “appears to be in great danger of extinction.” Fishing for green sturgeon is now officialy
forbidden in Russia. In Canada, green sturgeon have been given “rare’ status (1987) by the Committee
on the Status of Endangered Wildlife in Canada (Houston 1988).

More specificaly, the mgor factors likely to be negatively affecting green sturgeon abundance are (1)
fisheries, (2) modification of spawning habitat, (3) entrainment, and (4) toxic substances.

1. Fisheries

Sturgeon fisheries “mined” a stock of large, old fish that was probably not able renew itself at annua
harvest rates of 8 - 12%. The fisheries that affected green sturgeon occur both within and outside the
Sacramento-San Joaquin estuary, although recent changes in fishing regulations have reduced the
commercial and sport fisheries. The following are accounts of the local fishery and the two principal
“outside” fisheries for green sturgeon.
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Sacramento-San Joaquin_fisheries. Green sturgeon in this drainage are caught primarily by sport anglers
fishing for white sturgeon. If we assume that green sturgeon >102 cm (legal size prior to 1990) were
harvested in proportion to their numbers relative to white sturgeon and at the same rate, then exploitation
rates had been gradualy increasing since 1954 (Kohlhorst et a. 1991).  Kohlhorst et al. (1991)
recommended several management options to reduce fishery mortality of white sturgeon; the action
actually taken has been to increase the minimum harvet size to 46 inches (117 cm) in 2-inch (5 cm)
increments and to impose a 72-inch (183 cm) maximum size limit (D. Kohlhorst, pers. comm.). These
size limits aso alow more white sturgeon females to mature, because they mature at a larger size than
males. These regulations also apply to green sturgeon but are less protective of them because a mgjority
of the largest and oldest individuals fall within the permitted size range.

Columbia River Region fisheries. The majority of the green sturgeon harvest occurs in this region; they
are caught by commercia fishermen, anglers, and Native American gillnetters.  Sturgeon landings are
recorded from the Columbia River estuary and from Grays Harbor and Willapa Bay, Washington, to the
immediate north of the estuary. There is little or no evidence of green sturgeon spawning in the rivers
of thisregion, and it is likely that the fish harvested here migrated from California or Oregon, as indicated
by limited recaptures of tagged sturgeon. Further evidence of the lack of local recruitment into the fishery
is that few juvenile sturgeon (<I.3 m) are caught (Emmett et al. 1991).

The commercia catch in the Columbia River region (Columbia River estuary, Grays Harbor,
Willapa Bay) has fluctuated considerably, but catches seem to have increased in recent years. Between
1941 and 1951, catches averaged about 200-500 fish per year. Between 1951 and 1971, the caich
averaged about 1,400 fish per year (Houston 1988). In recent years an average of 4.7 tons of green
sturgeon (ca. 300 - 500 fish) have been harvested each year in Grays Harbor and 15.9 tons (ca. 1,000-
1,500 fish) are harvested in Willapa Bay (Emmett et al. 1991). There have aso been some notably high
catches: in 1986, 6,000 green sturgeon were harvested in the Columbia River estuary (ODFW 1991), and
4,900 were taken in 1987 (ODFW, unpubl. data). These catches occured in a directed gill net fishery
which has since been banned (P. Hirose, pers. comm.). Over the past decades, the commercia catch of
green sturgeon in the Columbia River has averaged 1,440 fish (for the 1960s), 1,610 (1970s) and 2,360
(1980s); the catch in recent years has been 2,200 fish (1990), 3,200 (1991) and 2,200 (1992) (ODFW,
unpubl. data). The Columbia River recreationa catch has been consistently below 500 fish per year
(ODFW 1991); the catch in recent years has been 141 (1988), 84 (1989), 86 (1990), 22 (1991) and 73
(1992) (ODFW, unpubl. data). Presently, in the Columbia River, green sturgeon are caught almost
exclusively (and incidentally) in the fall salmon gillnet fishery in the lower river, below Bonneville Dam
(ODFW 1991). Overdl, the fisheries in Washington and Oregon seem to have been taking 5,000-10,000
adult green sturgeon per year.

While the numbers of fish taken by the fishery have shown no striking trends, the size of sturgeon
being caught has declined over the years. In the 1960s, the mean wieght of sturgeon in the fishery ranged
between 17 and 19 kg, while since 1980, the mean weight has usualy been between 12 and 14 kg
(ODFW, unpubl. data).

Klamath and Trinity Rivers. A small number of green sturgeon is probably taken in the sport fishery here,
but the main harvest is by the Native American gillnet fishery. A small but possibly significant number
is dso taken in an illegal snag fishery. All these fisheries target sturgeon as they move up the river to
spawn during the spring and again on fish returning seaward through the estuary, during June-August
(USFWS 1990). In the Native American fishery, mainly adult sturgeon (>130 cm FL) are captured (mean
length 179 cm FL in 1988). Data on this fishery exist only since 1980 and the available harvest estimates
(USFWS 1989; T. Kisanuki, pers. comm.) are biased low because some green sturgeon harvest occurs
prior to the annual monitoring activities of the USFWS (T. Kisanuki, pers. comm.). Also, the USFWS
monitors only the sturgeon harvest on the Y urok Indian Reservation; catches by the Karuk and Hupa tribal
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fishermen in the Klamath River basin are undetermined (T. Kisanuki, pers. comm.). With that in mind,
the adult harvest estimates for the Klamath system range between 158 fish in 1987 to 810 in 1981, with
a mean of 349 (USFWS 1989, 1990; T. Kisanuki, pers. comm.). Adult harvest estimates for 1990 and
1991 are 239 and 309 fish, respectively. There seems to be, as yet, no indication of any recent decline
from the catches. However, the green sturgeon fishery is likely to increase as increased restrictions are
placed on the harvest of depleted salmon populations in the rivers:

2. Modification of spawning and rearing habitat

The limited information available indicates that green sturgeon spawn in the Sacramento River
in deep water somewhere between Knights Landing and Red Bluff. Recent evidence suggests most
spawning occurs above Hamilton City (D. Kohlhorst, pers. comm.) or in the Feather River. If they are
like white sturgeon, strong year classes are produced episodically, when flows in the river are
exceptionally high. Presumably, green sturgeon have a specific set of flow, depth, and substrate
requirements for spawning and then for the early life history stages of their young. The flows and channel
of the river have been highly modified, so it is likely that suitable conditions for spawning and rearing
of green sturgeon occur less frequently now than they once (pre-1940s) did. Similar problems exist in the
Klamath and Trinity rivers, athough they are less severe.

3. Entrainment

Juvenile green sturgeon and occasional adult sturgeon are entrained on an irregular basis in the
South Ddlta fish facilities of the SWP and CVP. The numbers vary enormously from year to year but we
have no idea if the numbers represent a significant part of the population or not. It is likely that most
green sturgeon captured at the pumping plants and returned to the Delta survive the experience, but the
actual survival rate is not known. The discovery of 5 adult and 33 juvenile green sturgeon in Clifton
Court Forebay in 1992 may be cause for concern because it is not known if they can easily move in and
out of the forebay.

4, Toxic substances

The effects of toxic substances from heavy metals to pesticides on green sturgeon are unknown.
However, the fact they spawn and rear for a short while in the Sacramento River and Delta indicates that
heavy exposure levels are possible. The long-lived adults may accumulate contaminants through the food
chain, which could interfere with reproduction. Such accumulation of selenium has been observed in
white sturgeon but does not seem to have caused any harm (D. Kohlhorst, pers. comm.).

Management: There currently is no active management of the green sturgeon population, beyond what
is deemed necessary to protect the white sturgeon fishery. However, the 1994-1996 fishing regulations
(Section 5.80) include a year-round closure of the sturgeon sport fishery on the north coast, including the
Ed River, Humboldt Bay, Klamath River, Trinity River and Smith River. This will provide a minor
reduction in the harvest of green, sturgeon since it is the principal sturgeon caught in this region. The
following conservation measures should also be taken to maintain or increase the population:

1. All fisheries that target green sturgeon should be severely limited until more is learned about the

biology and abundance of the species. At the very least, special harvest regulations for green sturgeon
are needed to reduce the catch of large reproductive females.
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2. Detailed studies on life history and ecological requirements are needed. Population assessment and
monitoring should be initiated, particularly for the Sacramento-San Joaquin and Klamath River
populations. Knowing little about the population status, structure and dynamics of this species means that
we presently can neither predict population trends nor objectively manage stocks. The females mature
relatively late in life and may not spawn every year, so maintenance of sufficient reproductive potentia
(i.e., numbers of mature females) in the populations is an important management consideration.

3. An expanded program of tagging green sturgeon in the Klamath and Sacramento rivers should be
undertaken, to see what contribution green sturgeon from this area make to the fisheries elsawhere,
especidly in Washington and Oregon, as well as to determine exploitation rates. This would aso help
to answer the question as to whether or not the Sacramento and Klamath river stocks are distinct
populations.

4. The factors affecting entrainment of green sturgeon in the south Delta facilities should be determined,
in order to devise a plan for reducing entrainment. Presumably, entrainment is related to export rates.
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FIGURE 6. Spawning distribution (shaded), migration and rearing habitat (cross-hatched) and recent
freshwater occurrences (dots) of green sturgeon, Acipenser medirostris, in California.

35



SPRING-RUN CHINOOK SALMON
Oncorhynchus tshawytscha (Walbaum)

Status. Class 1. Endangered.

Description: Spring chinook are large salmonids, reaching 75-100 cm SL and weighing up to 9-10 kg
or more. They have 10-14 major dorsal fin rays, 14-19 and fin rays, 14-19 pectora fin rays, and 10-11
pelvic fin rays. There are 130-165 lateral line scales and 13-19 branchiostegal rays on either side of the
jaw. The gill rakers are rough and widely spaced, with 6-10 rakers on the lower haf of the first gill arch.
Reproductive adults are uniformly olive brown to dark maroon, but males are darker than femaes and
have a hooked jaw and snout and an arched back. Chinook salmon are distinguished from other species
of salmonids by the body coloration, specifically the spots on the back and tail and the solid black color
of the lower gum line. Parr generally have 6-12 parr marks, evenly spaced and centered along the lateral
line. The adipose fin of the parr is pigmented along the upper edge but clear at the base. The other fins
are clear, except for the dorsal, which may be spotted.

Taxonomic Relationships. The runs of chinook salmon in California are differentiated by the maturity
of fish entering fresh water, time of spawning migrations, spawning areas, incubation times, incubation
temperature requirements, and migration timing of juveniles. Differences in life histories effectively
isolate spring chinook salmon from other runs; thus, the traits are undoubtedly inherited. Allozymic
differences between inland populations of California chinook salmon have aso been observed, with
various degrees of differentiation between rivers within and between drainages (Bartley and Gall 1990).
Therefore, each run of salmon could be considered to be geneticaly distinct to some degree, in some
cases even from other runs in the same stream. There seem to be two distinct spring-run chinook
populations (stocks) in California: a Sacramento-San Joaquin population and a Klamath-Trinity population.
In spite of possibility of some mixing of the stocks in the ocean, the large distance separating the
spawning streams of these two populations justifies their being considered, and managed as, separate
evolutionarily significant units (gene pools). Other populations may aso have existed in smaller coastal
streams between the two major river systems, such as the Eel River, but they have been extirpated.

Life History: In genera, spring chinook salmon migrate considerable distances up streams to spawn.
They enter the rivers from the ocean from March through May, the period of snow-melt flows (Marcotte
1984). These migrating fish are a mixture of age classes ranging from two to five years old athough
currently, a majority of the fish are three-year olds. While migrating and holding in the river, spring
chinook do not feed, relying instead on stored body fat reserves for maintenance and gonadal maturation.
They are fairly faithful to the home streams in which they were spawned, using visual and chemical cues
to locate these streams. In dry years, some individuals may be blocked from their streams and forced to
remain in main rivers.

When they enter fresh water, spring chinook are immature; their gonads mature during the summer
holding period (Marcotte 1984). In Deer and Mill creeks, spawning occurs from late August to mid-
October. Eggs are laid in large depressions (redds) hollowed out in gravel beds. The embryos hatch
following a 5-6 month incubation period and the alevins (sac-fry) remain in the gravel for another 2-3
weeks. Once their yolk sac is absorbed, juveniles emerge and begin feeding.  In Deer and Mill creeks,
Tehama County, the juvenile salmon during most years spend 9-10 months in the streams, where they feed
on drift insects. By the end of the summer, they are 7-11 cm SL (CDFG, unpubl. obs.). The timing of
spring-run outmigrant movement from Deer and Mill creeks has not yet been clearly determined, but it
seems to be much more variable than for fal-run chinook. Some juveniles may move downstream soon
after hatching in March-April and others may move downstream the following fal as yearlings (C.
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Harvey, pers. comm.). The outmigrants may spend some time in the Sacramento River or estuary to gain
additional size before going out to sea but most have presumably left the system by mid-May. Once in
the ocean, salmon are largely piscivorous and grow rapidly.

Adult spring chinook migrate up Deer and Mill creeks from March through June (Vogel 1987 a,
b) and aggregate in the middle reaches (Airola and Marcotte 1985). In Deer Creek, most hold and spawn
between the Ponderosa Way bridge and upper Deer Creek falls, which apparently is a barrier to migrating
fish (Marcotte 1984). In Mill Creek they hold and spawn between the Little Mill Creek confluence and
approximately 1.6 km above the Highway 36 bridge, with about 80% of this spawning habitat being
within the Lassen National Forest boundary (Marcotte 1984). Many spring chinook move out of the
holding areas into the upper watershed when ready to spawn; the rest remain and spawn in the tails of
the holding pools.

There does not appear to be a diurna pattern to migration, but surges in movements seem to occur
after rain sufficient to cause a dight discoloration in the water following a period of clear weather. Surges
also occur when there is a sudden increase in water temperature (Cramer and Hammack 1952). When
daytime water temperatures reach about 27°C, fish usually hold in cooler water in degp pools and migrate
upstream at night. The fish hold in deep pools in the upstream reaches during the summer and spawn in
early fal. Prespawning activity is usualy observed in late August, and intensive nest-building activity
and spawning occurs from the first week of September through the end of October (Parker and Hanson
1944). In Deer Creek, spawning was first observed on September 9 in 1991 and 1992 and on August 25
in 1993 (C. Harvey, pers. comm.). Spawning in Deer Creek is usualy completed by late September
(Moyle, unpubl. obs). Spawning generadly first occurs in the upper reaches of the streams and
subsequently in the lower reaches, when water temperatures decrease (Parker and Hanson 1944).
Spawning salmon usualy are well distributed in the stream section, thus reducing competition for gravel
nest sites (Cramer and Hammack 1952). Nests average 4 m” (42 ft?) (n=87) in area

Historically, spawning adults were mostly large fish that were probably four or five years old.
Today, as the result of intense ocean fishing that removes the largest fish, such fish are much less
abundant. Based on size, three-year-old fish are now the most common spawners.

Habitat Requirements. For spring chinook adults, numbers holding in an area seem to depend on the
volume and depth of pools, amount of cover (especialy “bubble curtains’ created by inflowing water),
and proximity to patches of gravel suitable for spawning (G. M. Sato, unpubl. data). Mean water
temperatures in pools where adult chinook held during the summer of 1986 in Deer and Mill creeks were
16°C (range 11.7-18°C) and 20°C (range 18.3-21.1°C), respectively, and for juveniles in Mill Creek the
temperature ranged from 13.3-22.2°C (Sato and Moyle 1988). Records indicate that spring chinook in the
Sacramento-San Joaquin River system spend the summer holding in large pools where summer
temperatures are usualy below 21-25°C (Moyle 1976). Sustained water temperatures above 27°C are
lethal to adults (Cramer and Hammack 1952). The pools in which the adults hold are at least 1-3 m deep,
with bedrock bottoms and moderate velocities (G. M. Sato, unpubl. data; Marcotte 1984). In Deer Creek,
preferred mean water velocities measured during 1988 were 60-80 cm sec™ for adults (Sato and Moyle
1988). The pools usualy have a large bubble curtain at the head, underwater rocky ledges, and shade
cover throughout the day (Ekman 1987). The salmon will aso seek cover in smaller “pocket” water
behind large rocks in fast water.

Habitat preference curves determined by the USFWS for adult chinook in the Trinity River
indicate that pool use declines when depths become less than 2.4 m and that optimal water velocity ranges
between 15-37 cm sec’ (Marcotte 1984). Spawning occurs in gravel beds with gravel of a size that fish
can excavate. Optimum substrate for embryos has been reported as a mixture of gravel, rubble (mean
diameter 1-4 cm) and less than 25 percent fines (less than 6.4 mm diameter) (Platts et a. 1979, Reiser
and Bjomn 1979). Juveniles in Deer Creek were found to prefer runs or riffles with gravel substrates,
depths of 20-120 cm, and mean water-column velocities of 20-40 cm sec™ (Sato and Moyle 1989).
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During downstream migrations in the Sacramento River and Delta, smolts presumably stay close
to the banks during the day (near cover) and then move out into open water at night, to migrate.
Historically, they may have moved into flooded marshy areas in the Delta to feed but there is little
evidence of such activity today.

Distribution: Spring chinook salmon are found in rivers in British Columbia, Washington, Idaho, Oregon,
and Cdifornia, but their populations are depleted throughout this range or maintained by hatchery
production (Shepherd 1989). Spring-run chinook also occur in substantial populations in Alaska (Heaey
1991), but their genetic affinities with more southern populations are unclear. In California, spring
chinook were once abundant in al magor river systems. There were large populations in at least 26
streams in the Sacramento-San Joaquin drainage and at least 20 streams in the Klamath-Trinity drainage
(CDFG 19904). Spring chinook are now reduced to scattered populations in the Klamath, Trinity, and
Sacramento drainages (Campbell and Moyle 1991), with small numbers (probably strays) found on
occasion in the Smith River, Redwood Creek, Mad River, Mattole River, and Eel River. There is no
evidence of recent spawning in the latter five rivers.

In the Sacramento-San Joaguin drainage, the principal holding and spawning areas were in the
middle reaches of the San Joagquin, American, Y uba, Feather, upper Sacramento, McCloud, and Pit rivers,
presumably with smaller populations in most of the other tributaries large and cold enough to support the
salmon through the summer. The main populations were all extirpated with the construction of dams,
primarily in the 1940s and 1950s, that blocked access to holding areas. Today, the most consistent self-
sustaining wild populations in the drainage are in Deer and Mill creeks, Tehama County, with a few fish
present in Antelope, Battle, Big Chico, and Beegum creeks in some years (Vogel 1987a,b, Sato and Moyle
1988). Substantial numbers of spring chinook can also be present in Butte Creek, but numbers have been
highly variable (100-1,500 fish between 1982 and 1992) and it is not certain if thisis a self-maintaining
population. Juveniles from CDFG’s Feather River Hatchery have been planted there in the past (including
1984 and 1985), and because Pacific Gas & Electric (PG& E) diverts Feather River water into Butte Creek
for power production, Feather River Hatchery fish may be attracted to it. Spawning habitat is largely
lacking in the reaches above Centerville, but there are adequate spawning gravels and holding pools in
the lower reaches. Natural reproduction may nevertheless be disrupted by regulated flow regimes (the
stream is regulated for hydroelectricity), high temperatures, poaching, and other human disturbance.
Historically, Butte Creek apparently had very small runs of spring chinook in contrast to the large runs
of fal chinook that spawned in the creek (Clark 1929). However, in 1989 large numbers of spring
chinook occupied Butte Creek and these fish were apparently derived from natural spawning in the creek
(F. Meyer, pers. comm.). In the Feather River, a run of fish labeled as spring-run is maintained by
hatchery production. In 1986, for example, 1,433 adults were captured and over 1.6 million fingerlings
were planted (Schlichting 1988). These fish may also stray into the Y uba River, where apparently spring
chinook have been observed in the cold water below Engelbright Reservoir. However, coded wire tag
returns indicate that fish labeled as spring-run and fall-run at the hatchery are thoroughly mixed, so there
is little reason to regard the Feather River hatchery “spring-run” fish as wild spring chinook.

In the Klamath drainage, the principal remaining run is in the north and south forks of the Salmon
River and in Wooley Creek, a tributary to the Salmon River. The South Fork and North Fork of the
Trinity River and possibly the New River, aso support a few fish (CDFG 1990). The large run of spring
chinook in the mainstem Trinity River is apparently maintained entirely by hatchery production.

Abundance: Spring-run chinook salmon of the Sacramento-San Joaquin River system historicaly
comprised one of the largest set of runs on the Pacific coast. Commercia gillnet fishery landings of
spring chinook in the Central Valey exceeded 600,000 fish in 1883 (California Fish and Game
Commission 1885, cited in CDFG 1990a). Runs in the San Joaquin River done probably exceeded
200,000 fish at times and it is likely that an equal number of fish were once produced by the combined
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spring runs in the Merced, Tuolumne, and Stanislaus rivers. However, early historica population levels
were never measured (CDFG 1990a). In 1955, the California Department of Fish and Game estimated
that with proper water management the San Joaquin drainage could still produce about 210,000 wild
chinook salmon per year, with fal-run chinook (originally a minor portion of the San Joaquin salmon
runs) replacing the spring-run populations lost to dam construction (CDFG 1955). The last large run in
the San Joaquin River occurred in 1945, when 56,000 fish made it up the river (Fry 1961). The San
Joaquin River spring chinook run has since been extirpated, primarily due to habitat loss following
construction of Friant Dam in 1948. The impact of the dam and efforts to rescue the San Joaquin spring
salmon were recorded by CDFG biologist George Warner (1991):

“In 1948, disaster struck. Friant Dam . . . had been completed and the Bureau of Reclamation
assumed control of the river . . . [and] bureau officials diverted water desperately needed by
salmon down the Friant-Kern Cana to produce surplus potatoes and cotton in the lower San
Joaquin Valley. Only enough water was released in the river to supply downstream canals and
some of the pumps.”

CDFG crews succeeded in trapping 1,915 spring chinooks and trucking them to the base of Friant
Dam. The fish were able to hold in the cold releases through the summer and then spawn successfully
in the fal. Unfortunately, when the juveniles attempted to move out to sea, they ended up stranded in
a dry stretch of river. In the words of Warner: “The tragic conclusion to the history of the 1948 spring
run was that the only beneficiaries of our efforts to salvage a valuable resource were the raccoons, herons,
and egrets.” Efforts to rescue the run in 1949 and 1950 also failed; thus, San Joaquin spring-run chinook
salmon became extinct.

After the demise of the San Joaguin stocks, Sacramento River spring chinook salmon constituted
the most abundant natural runs in the Central Valley. As in the San Joaquin drainage, these spring
chinook populations were also drastically reduced following construction of barrier dams. Historic run
sizes for tributaries to the Sacramento River were estimated by CDFG (1990) to be: 15,000+ above
Shasta Dam (McCloud River, Pit River, Little Sacramento River); 8,000-20,000 in the Feather River above
Oroville Dam; 6,000-10,000 in the Yuba River above Englebright Dam; and 10,000+ in the American
River above Folsom Dam. The Sacramento River drainage as a whole is estimated to have supported
spring chinook runs exceeding 100,000 fish in many years between the late 1800s and 1940s (Campbell
and Moyle 1991) but these estimates may be low by a factor of 3 or 4 (F. Fisher, pers. comm.)

The decline of spring chinook in the Sacramento drainage began when streams were disrupted by
gold mining and irrigation diversions, but the decline accelerated following the closure of Shasta Dam in
1945 and access to mgjor spawning grounds in the McCloud, Pit, and upper Sacramento rivers was cut
off. In recent years the decline has continued. CDFG estimates of spawning escapement in the mainstem
Sacramento River ranged from 3,600 to 25,000 fish between 1969 and 1980, with an average population
of 17,000 fish per year (Marcotte 1984). However, most of these fish are probably hybrids with fall run,
because of overlapping spawning times and no spatia segregation. In addition, most probably originated
in the Coleman and Feather River hatcheries and were therefore mixed fall and spring run stock to begin
with. In Deer and Mill creeks, the estimates of spawning fish averaged 2,300 and 1,200 fish, respectively
(Marcotte 1984). Since 1985, the combined yearly totals for both creeks have been less than 900 fish,
with the exception of 1989 when there were about 1,300 fish (Table 5). Spawning populations in other
tributary streams are considerably less, with an estimated 40-100 fish (incomplete survey in 1983) in
Antelope Creek (Airola 1983). The spring chinook numbers in Antelope Creek have dropped during the
last few years to <10 individuals per year (Campbell and Moyle 1991; E. Gerstung, pers. comm.). Up
to 100 fish have held in Big Chico Creek (Marcotte 1984), but that stream currently supports a much
smaller run of probably less than 20 adults (E. Gerstung, pers. comm.). In Butte Creek, numbers have
fluctuated considerably from year to year and in the past have been augmented by fish from the Feather
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River Hatchery. However, about 1,300 adults held in the creek in both 1988 and 1989. These may have
resulted from natura reproduction, but it is also possible that they were fish from the Feather River
Hatchery attracted to the creek by the Feather River water PG&E diverts into the creek to run their power
house. Recent counts in Butte Creek have dropped to 300+ fish (in 1990), 100+ (1991), and 300+ (1992)
(E. Gerstung, unpubl. data).

A number of populations in the Sacramento River have interbred with fal-run fish after dams
removed the natural spatial segregation of spawning sites during breeding (Vogel 1987ab). During the
pre-dam period, spatial segregation of the races by downstream and upstream spawning sites maintained
their genetic integrity.

The Klamath-Trinity drainage once supported spring-run chinook populations that totaled more
than 100,000 fish. This number is probably low because the spring run was apparently the main run of
chinook salmon in the Klamath River in the 1800s but by the end of the century it was depleted as the
result of hydraulic mining and commercia fishing (Snyder 1931). In each of four Klamath tributaries
alone, historic run sizes were estimated by CDFG (1990) to be at least 5,000 Sprague River (Oregon),
Williamson River (Oregon), Shasta River, and Scott River. The runs in the Sprague and Williamson
rivers were probably extirpated before 1900 as the result of dams constructed in Oregon; if any fish
remained, they were eliminated with the construction of Iron Gate Dam across the main river in California
in 1965. The run in the Shasta River, probably the largest tributary run in the Klamath drainage,
disappeared in the early 1930s as the result of habitat degradation caused by Dwinnell Dam, erected in
1926 (R. L. Elliott, pers. comm.). The smaller Scott River run was extirpated in the early 1970s from a
variety of causes.

In the Trinity River, runs that once existed above Trinity Dam included an estimated 5,000+ adults
in the upper Trinity River above Lewiston and 1,000-5,000 fish each in the Stuart Fork Trinity River, East
Fork Trinity River and Coffee Creek. These runs have all been extirpated (CDFG 1990a). In the Salmon
River drainage, an estimated 500-1,500 adults collectively presently use the North and South forks and
Wooley Creek each year. This run showed a steady increase from 300 fish in 1981 to about 1,000 in
1988, but dropped to only 250 in 1989 (CDFG 1990a); the most recent run sizes were 413 fish (in 1990),
175 (in 1991) and 330 (1992) (E. Gerstung, pers. comm.). An additional 100-300 fish hold in the South
Fork Trinity River, with runs of 82 fish in 1990, 266 in 1991, and 166 fish in 1992. (E. Gerstung, unpubl.
data); 7,000 - 11,000 spring chinooks once held in the stream (Healey 1973; La Faunce 1967). The low
numbers now using the South Fork are largely the result of the 1964 flood, which triggered landdlides that
filled in holding pools and covered spawning beds. Since 1979, counts of fish in holding areas (mainly
within the South Fork Trinity River upstream from the confluence with Hayfork Creek) have averaged
about 115 fish, with counts of about 300 or more in 1975, 1976, and 1979. The two lowest counts, two
fish in 1973 and seven in 1989, occurred during dry years (CDFG 1990a).

Overal population trends for spring chinook salmon in Cdlifornia are described in detail by
Campbell and Moyle (1991). They reported that more than 20 “historically large populations’ of spring-
run chinook have been extirpated or reduced nearly to zero since 1940. Four additional runs (Butte, Big
Chico, Deer, and Mill creeks) have exhibited statisticaly significant declines during the same period. The
only substantial, essentially wild populations of spring-run chinook remaining in Cdifornia are in Deer
and Mill creeks in the Sacramento drainage and in the Samon River in the Klamath-Trinity drainage
(Campbell and Moyle 1991). Other populations tend to be supported by hatchery stocks.

Nature and Degree of Threat: For spring chinook, historic population declines are attributable mainly to
loss of upstream habitat and secondarily to harvest. The causes of the continuing decline in recent
decades are presumably related to a combination of factors: poor survival of out-migrants (especialy in
the Sacramento-San Joaquin Delta), limited access of adults to upstream spawning areas, poaching and
other forms of harvest, and other factors such as disease and the interbreeding of wild stocks with
hatchery-reared genotypes.
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Habitat loss. Because spring chinooks require access to the cold upper reaches of tributary streams, their
populations have been declining since the 1860s when many streams were devastated by hydraulic gold
mining. Historically, however, the major factor responsible for the extirpation or decimation of spring
chinook stocks has been the loss of spawning habitat due to the construction of barrier dams (CDFG
1990a). Starting in 1894 with the construction of LaGrange Dam on the Tuolumne River, access to
holding and spawning areas was increasingly blocked by dams diverting water for agricultural and urban
use. Major, nearly fatal, blows were struck to spring chinook in California by the closing of Shasta Dam
in 1945, Friant Dam in 1948, and Trinity Dam in 1963, which together denied spring chinook access to
much of their major spawning and holding areas in California. Dams on the upper Klamath River within
Oregon eliminated a large spring chinook population before 1900. All of these dams were constructed
without fish passage facilities. For Shasta, Friant, and Trinity dams, it was assumed that hatchery
production would replace lost natural production of salmon. This assumption has proven to be falseg;
hatcheries have mainly succeeded in slowing the decline of California’s salmon populations and in
substituting fall-run (or hybrid) hatchery fish for wild spring chinook. However, some spawning of spring
run chinook salmon, presumably of hatchery origin, does take place below Lewiston Dam (which is 11
km below Trinity Dam) in the Trinity River and considerable effort has been made to provide habitat for
these fish, mainly by deepening of summer holding pools (A. Barracco, pers. comm.)

Loss or degradation of habitat, stemming from water development, continues to be a problem.
Within the Centra Valley, water diversions during dry years may dewater the lower reaches of spring
chinook salmon streams (e.g. Deer and Mill creeks) during spring and summer, thereby blocking both
upstream migration of adults and downstream migration of juveniles (CDFG 19904). Within the Klamath
River drainage, low water flows result in elevated summer temperatures in spring chinook holding areas.
Such conditions in the South Fork Trinity and Salmon rivers, for example, have apparently led to
increased adult mortality and decreased spawning success (CDFG 1990a).

Harvest. Spring chinook stocks are harvested in both ocean and in-river fisheries. Although the fisheries
capture mainly hatchery fish, they are presumably also taking wild fish at least in proportion to their
abundance relative to hatchery fish. Given the small size of the remaining runs of wild fish, the take of
even a few wild fish may have a significant effect on their populations; yet it is likely that as many as
half of the wild fish are taken in fisheries, mainly commercia fisheries. Sport fisheries accounted for an
average of 300 fish (annua range 40-900 fish) during 1975-1984 in the upper Sacramento River, but it
is not known if many of these were wild fish headed for the tributaries.

In-river harvest occurs by gillnet (used legally only by Native Americans) and by hook-and-line.
Harvest-rate estimates for the Native American fisheries of the Klamath River system during 1980-1989
averaged 3,200 fish, with an annual range of 600-6,700 fish (CDFG 1990a). Sport fisheries accounted for
an average of 300 fish (annua range 40-900 fish) during 1975-1984 in the upper Sacramento River and
an average of 3,400 fish (range 400-9,400 fish) during 1980-1988 in the Trinity River (CDFG 1990a).

Returns of coded-wire tags indicate that upper Sacramento River stocks and Klamath system
stocks have different ocean distributions. The former are concentrated between Point Arena and Morro
Bay and the latter are most abundant north of Point Arena to Cape Blanco, Oregon (CDFG 1990).
Accordingly, the Klamath stocks probably have been less affected by ocean fisheries because of harvest
congtraints placed on the Northern California and southern Oregon fisheries under the auspices of the
Pacific Fishery Management Council. In 1989-1993, ocean harvest rates of Trinity River Hatchery spring
chinook were extremely low, perhaps close to zero in 1992 (A. Barraco, pers. comm.). In contrast to the
reduced landings in the Klamath Management Zone, the harvest rate index for Central Valey chinook
stocks generally has increased in recent years, athough it decreased in 1991 and 1992 (A. Baracco, pers.
comm.). Total harvest estimates of spring-run chinook, based on fingerling releases by the Trinity River
Hatchery (for 1976-1984 broods), have been: ocean fisheries 0.30; in-river fisheries 0.12; combined
fisheries 0.42 (CDFG 1990a). Harvest-rate estimates based on age-three ocean recruits (“ potential adults”)
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indicate that roughly half of the hatchery-produced adults have been harvested by the fisheries (CDFG
1990a). Based on coded-wire tag data from the Trinity River and Feather River hatcheries, spring-run
chinook salmon are harvested by the ocean commercial fishery at a rate somewhat less than fall-run
chinook salmon because the spring chinook are available (i.e., legal-sized) for a shorter period of time
during the commercial season (CDFG 1990a). Spring-run fish, however, tend to mingle in the ocean with
the now more abundant fall-run stocks.

Commercial fisheries may aso be affecting the chinook populations indirectly through the
continual removal of larger and older individuals. This results in spawning runs made up mainly of three-
year-old fish, which are smaller and therefore produce fewer eggs per female. The removal of older fish
also removes much of the natural “cushion” the populations have against natural disasters, such as severe
drought, which may wipe out a run in one year. Under natural conditions, the four- and five-year-old fish
still in the ocean help to keep the runs balanced and can make up for the fish lost. Under present
conditions, a loss of arun in one year will result in very low runs three years later, and the loss of runs
two or three years in a row can potentially eliminate a population.

During the summer holding period in freshwater pools many large adult salmon are caught by
fishermen, some by poachers but others by anglers who snag them accidentally with spinning lures. The
importance of this source of mortality is indicated by the distribution of the fish; they are most abundant
in the more remote canyon areas, but scarce in pools close to roads.

Outmigrant mortality. Smolt mortality is probably a major factor affecting spring chinook abundance as
it is for al runs of chinook salmon, especialy in the Sacramento drainage. Small numbers of outmigrants
are presumably entrained at every irrigation diversion along the Sacramento River that is operating during
the migration period. At the same time, extensive bank alteration, especialy rip-rapping, reduces the
amount of cover available to protect the outmigrants from striped bass and other predators. When SWP
and CVP pumping rates are high and outflows are relatively low, spring chinook smolts are probably
entrained in large numbers, are consumed by predators in Clifton Court Forebay and other off-channel
areas, and/or are otherwise diverted from their downstream migration.

Hybridization with fall chinook. Interbreeding of wild spring chinook with both wild and hatchery fall
chinook has the potential to dilute and eventually eliminate the adaptive genetic distinctiveness of the few
remaining naturally reproducing stocks (e.g., Mill Creek, Deer Creek, Salmon River, South Fork Trinity
River). Spring and fall runs of chinook salmon were previously well separated by time and spawning
area. Construction of dams eliminated the ancestral spawning areas of spring-run fish in the upper reaches
of streams, forcing those runs to use lower elevation areas utilized also by fal-run fish. Differences in
run timing also have decreased, thereby increasing the likelihood of genetic mixing (CDFG 1990a).
Because the flow of the Sacramento River is regulated by Shasta Dam and other dams, cold water is
present in some areas throughout the summer, which may alow greater temporal overlap and, hence,
hybridization of the different runs in the Sacramento drainage. At the Feather River Hatchery, spring-run
fish were kept separate from other runs by assuming that all salmon taken there before October 15 are
spring-run chinook salmon and fish taken after this date are fal-run fish (E. Gerstung, pers. comm.).
There is now strong evidence spring and fall stocks inadvertently have been hybridized at the hatchery
and now form just one hatchery strain. In the wild, hybridization between hatchery and wild fish ailmost
certainly has occurred in the Trinity River, Sacramento River, Feather River, Yuba River, and, perhaps,
Butte Creek (Campbell and Moyle 1991).

The potential threat of mixed stock spring chinook to the remaining wild spring chinook is
indicated by the fact that in both the Sacramento and Klamath-Trinity drainages, the majority of “spring-
run” chinook salmon are the result of hatchery spawning. Production of presumptive spring-run chinook
juveniles at the Feather River Hatchery ranged between 2-3 million fish, while annual adult runs ranged
between 800-7,200 fish during 1980-1989. Fish listed as spring-run stock are produced at Coleman
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National Fish Hatchery in the upper Sacramento River, but these fish are completely hybridized with fall
run chinook (F. Fisher, pers. comm).

Disease. The impact of disease cannot be ruled out as a factor in the recent decline of spring-run chinook
salmon. Bacteria kidney disease (BKD) recently was found in all hatchery-reared smolts that were
released from the Trinity River Hatchery and had been in residence in the Trinity River for severa
months, athough there was no evidence of the disease in the hatchery stock itself (P. Higgins, pers.
comm.). BKD and perhaps other diseases such as infectious hematopoietic necrosis (IHN) could seriously
curtail the ability of hatchery operations to bolster production if the hatchery fish are susceptible to
infection after release in the wild. Disease(s) originating from hatchery fish may also be a factor in
depressing wild stocks. Whether or not disease is affecting wild spring chinook in the Sacramento system
is not known and should be investigated.

Management: Ongoing. There is intense interest in the spring chinook salmon on the part of agencies,
environmental groups and commercia fishermen because of its historica abundance and because formally
listing it as an endangered species would have severe negative effects on the salmon fishery in generd.
As a result, considerable efforts presently are being made to manage this run, athough additional effort
will be needed for recovery.

Recent stock assessment and restoration efforts for spring chinook salmon conducted by the CDFG
have been summarized (CDFG 1990a). Those efforts include annua surveys of runs, a newly instituted
habitat restoration program, enforcement of fishing regulations, installation and maintenance of fish
screens and fish ladders, and development and coordination of appropriate water-use plans for specific
areas. Within the Sacramento River system, efforts to negotiate changes in water management have
resulted in expanded spawning and rearing habitat in Butte Creek, and similar efforts are reportedly in
progress for Mill Creek, Deer Creek, and the Yuba River.

The most important management efforts within the Klamath River drainage are also described in
the CDFG (1990a) report. The Klamath River and its major tributaries recently have been included within
the National Wild and Scenic River System, thereby precluding further water development. A similar
action has added Wooley Creek and the headwaters of the North and South forks of the Salmon River to
the National Wilderness Preservation System as part of the California Wilderness Act of 1985, thereby
precluding road construction and logging in those areas. A multiagency restoration program for the
mainstem Trinity River has been implemented. The most recently reported accomplishments. are:
increased stream flows below Lewiston Dam; restoration of spawning gravels, placement of sediment traps
(e.g., Buckhom Mountain Dam), and aquisition of much of the watershed in Grass Valley Creek; dredging
of the mainstem Trinity River and excavation of adult holding pools; improvements at the Trinity River
Hatchery and studies to determine instream flow requirements below Lewiston Dam. However, these
improvements will probably have little postive effect on wild spring-run chinook populations, because the
Trinity River is dominated by hatchery-produced salmon. Protective and restoration measures for the
South Fork Trinity currently focus on stabilization of the erosion-prone soils in this drainage. The
watershed has been severdly degraded since the 1964 flood. Subsequent poor logging practices (including
road building) and major fires in 1987 have exacerbated the situation. Recent efforts to rehabilitate the
watershed include revegetation projects and construction of erosion control structures. Proposed timber
sales within unstable or severely impacted watershed areas have been deferred or halted as the result of
suits by environmental groups. Because of the severely degraded condition of the South Fork Trinity
watershed, rehabilitation efforts appear to be only in the initial stages, and much work remains to be done.

Erosion and sedimentation control measures have been implemented in the Salmon River drainage,
much of which was completed in 1989. Also, a habitat improvement program has been conducted since
the 1980s. Efforts have included the placement of boulder and rootwad structures, removal of migration
barriers, and placement of hydraulic deflectors and weirs to improve spawning and nursery areas. These
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activities have been concentrated in the South Fork Salmon River, and presumably they are at least partly
responsible for the steady increase in abundance of adults observed in the South Fork Salmon River
during 1980-1988 (CDFG 1990a).

The most important remaining natural populations in the Sacramento drainage are in Deer and Mill
creeks. During wet or norma years, natural flows are sufficient to enable salmon to surmount the
diversion dams in the lower reaches of these streams and reach the holding pools. In dry years, however,
diversions of water for irrigation may decrease flows in the lower reaches to such an extent that adults
are unable to negotiate dams or critical riffles. Because the diversions are on private land and represent
long-held water rights, this problem can only be solved with the cooperation of local landowners or by
water-rights acquisition. Since 1989, an agreement between the Cadlifornia Department of Water
Resources, Los Molinos Water Company, The Nature Conservancy, and the CDFG has provided water
pumped from wells on the Dye Creek Preserve to Tehama County farmers, so that less water would be
diverted for agricultura irrigation from Mill Creek. This strategy appears to have been highly successful
in maintaining flows in Mill Creek for salmon (A. Weinstein, pers. comm.; CDFG, April 1, 1992
memorandum from S. Capello to S. Ford, Dept. of Water Resources).

In the Delta, the recent (May 1992) decision by CDFG to halt striped bass planting and the
inception of a predator removal program in Clifton Court Forebay will probably benefit spring-run
chinook populations by reducing predation on outmigrants.

At the present time, a Spring Chinook Work Group, consisting of representatives of various
agencies, commercia fishermen, farmers, and others affected by spring chinook conservation efforts are
attempting to devise a recovery plan for spring chinook in the upstream habitats of the Sacramento
drainage (L. Davies, pers. comm.). It is assumed that if this group can agree to recovery measures, the
measures will be adopted by the agencies concerned.

Management: needs. While spring-run chinook salmon have received a great deal of management
atention, much more is needed to restore populations to self-sustaining levels. Additional protection is
needed at al stages of their life cycle, but the most important is their freshwater stage. Restoration will
require such measures as. (1) providing passage of adults to holding and spawning areas, (2) protecting
adults in the holding pools, (3) improving access to creeks that can support small populations (e.g.,
Antelope, Begum, and South Fork Cottonwood creeks), (4) improving the management of regulated
streams for wild salmon (e.g., Butte Creek, Trinity River), (5) providing passage flows for out-migrating
juveniles, (6) providing better instream habitat for juvenile fish in the main rivers, (7) reduction in take
by fisheries, and (8) reducing the effects of hatchery fish on wild populations.

The habitat preservation and restoration programs ingtituted by CDFG and other agencies should
be continued and expanded. A recently proposed recovery strategy for spring chinook in the Klamath
River basin (West 1991) should be used as a framework for recovery efforts and could serve as a model
for other drainages. However, attempts to recover populations using spawning channels and other
artificid means should be done with great caution, if at al. All populations should be monitored annually
to determine the effectiveness of the management measures.

The cooperative agreement between private parties and public resource agencies to trade water
with the goa of maintaining adequate stream flows in Mill Creek, Tehama County, apparently has
benefited the spring chinook run in that stream and therefore deserves to be continued. The process
eventually should be applied to other, selected salmon streams, as proposed by CDFG (1990a).

Many large adult sadmon holding in pools during the summer are caught by anglers, either
intentionally or accidentally, and some by poachers. This source of mortality can be reduced by a
combination of more frequent patrolling by wardens and changing angling regulations to either prohibit
fishing in principal holding pool areas or to redtrict fishing to fly fishing only. The latter angling
regulations went into effect in 1994.

Protection of out-migrating juveniles requires a combination of adequate flows in the lower
reaches of the streams in March and April and adequate flows in the Sacramento River to move them
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rapidly downriver and through the Sacramento-San Joaquin estuary. Maintenance of adequate flows in
this system not only would benefit spring chinook salmon but also other species that have shown recent
significant declines in population levels, such as winter-run chinook, delta smelt (Hypomesus
transpacificus), longfin smelt (Spirinchus thaleichthys), and perhaps Sacramento splittail (Pogonichthys
macrolepidotus). Water management for this drainage system is a complex and sensitive issue that has
immense political and economic ramifications. The fact remains, however, that the salmon populations
of the system require adequate flows in order to survive, and appropriate adjustments in water-flow
regimes eventualy will have to be instituted.

Predator control programs to protect both adult and juvenile fish may need to be initiated. For
example, otters may be taking a significant number of the remaining adult salmon in the summer holding
poals, especiadly in the Salmon River. Reducing otter numbers by live-trapping until salmon numbers
have recovered may be necessary. Likewise, predation on juvenile sailmon by striped bass and other fishes
in the Sacramento-San Joaquin estuary probably has been increased by the action of the pumps of the
SWP and CVP (which move fish into areas, such as Clifton Court Forebay, where they are more
vulnerable to predation), as well as by the planting program to enhance the striped bass population. The
recent (May 1992) decision by CDFG to halt striped bass planting and the predator removal program in
Clifton Court Forebay will probably benefit spring-run chinook populations, athough ultimately the water
projects will have to be operated in a way that is more sensitive to the needs of the salmon.

The role of hatchery production of spring-run chinook salmon needs to be carefully evauated.
The true value of hatchery operations to bolstering natural populations of spring chinook depends on the
genetic make-up of the hatchery brood stocks. If the brood stock has been genetically compromised by
introgression of genes from other populations outside the watershed or from fal-run fish, the overal
effects of the hatchery program may be detrimental rather than contributory-- viz., subsequent spawning
of hatchery-produced fish with naturally spawned fish may threaten the genetic integrity of the wild
populations. Hatchery operations should strive to include a sufficient diversity of locally appropriate
genotypes in the brood stock. At the very least, dl fish reared in hatcheries should be marked so that
their contribution to wild populations can be determined and so that unmarked fish can be released by
fishermen.
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TABLE 5. Population counts and estimates of spring-run chinook salmon from Deer and Mill
creeks. (Data based on counts at diversion dam ladders and spawning surveys conducted by
CDFG and USFS)

Y ear Deer Creek Mill Creek

1954 NE?! 1789
1955 NE 2967
1956 NE 2233
1957 NE 1203
1958 NE 2212
1959 NE 1580
1960 NE 2368
1961 NE 1245
1962 NE 1692
1963 1702 1315
1964 2290 1628
1965 NE NE
1966 NE NE
1967 NE NE
1968 NE NE
1969 NE NE
1970 2000 1500
1971 1500 1000
1972 400 500
1973 2000 1700
1974 3500 1500
1975 8500 3500
1976 NE NE
1977 467 563
1978 1200 925
1979 NE NE
1980 1500 500
1981 NE NE
1982 1500 700
1983 500 200
1984 NE 191
1985 300 121
1986 543 291
1987 200 90
1988 371 572
1989 77 556
1990 458 844
1991 448 319
1992 332 237
1993 259 73
1994 593 723

1 NE = no estimate
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FIGURE 7. Major holding and spawning areas of spring-run chinook salmon, Oncorhynchus
tshawytscha, in California.
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SACRAMENTO RIVER LATE-FALL CHINOOK SALMON
Oncorhynchus tshawytscha (Walbaum)

Status. Class 2. Special Concern.

Description: Late-fal run chinook salmon are morphologically similar to spring-run chinook. They are
large salmonids, reaching 75-100 cm SL and weighing up to 9-10 kg or more. They have 10-14 major
dorsa fin rays, 14-19 anal fin rays, 14-19 pectoral fin rays, and 10-11 pelvic fin rays. There are 130-165
latera line scales. Branchiostegal rays number 13-19 on either side of the jaw. The gill rakers are rough
and widely spaced, with 6-10 rakers on the lower half of the first gill arch. Reproductive adults are
usualy uniformly olive-brown to dark maroon; the males are darker than females and have a hooked jaw
and snout and an arched back. Some reproductively mature females have been observed to retain their
silvery (ocean) coloration even during spawning (K. Marine, pers. comm.). Chinook salmon are
distinguished from other species of salmonids by the body coloration, specifically the spots on the back
and tail and the solid black color of the lower gum line. Parr generally have 6-12 parr marks, evenly
spaced and centered along the lateral line. The adipose fin of the parr is pigmented along the upper edge
but clear at the base. The other fins are clear, except for the dorsal, which may be spotted.

Taxonomic Relationships. The runs of chinook salmon in California are differentiated by the maturity
of fish entering fresh water, time of spawning migrations, spawning areas, incubation times, incubation
temperature requirements, and migration of juveniles. Allozymic differences between inland populations
of Caifornia chinook salmon have also been observed, with various degrees of differentiation between
rivers within drainages and between drainages (Bartley and Gall 1990). Therefore, each run of salmon
could be considered to be genetically distinct to some degree, in some cases even from other runs in the
same stream.

Life History: The great majority of late-fall chinook salmon appear to spawn in the mainstem of the
Sacramento River (R. Painter, pers. comm.), which they enter from October through February (Voge and
Marine 1991). In the past, these migrating fish were a mixture of age classes ranging from two to five
years old. At the present time, the spawners are about equally divided between three year old and, four
year old fish. While migrating and holding in the river, late-fal chinook do not feed, relying instead on
stored body fat reserves for maintenance. Spawning occurs in January, February and March, although it
may extend into April in some years. Eggs are laid in large depressions (redds) hollowed out in gravel
beds. The embryos hatch following a 3-4 month incubation period and the alevins (sac-fry) remain in the
gravel for another 2-3 weeks. Once their yolk sac is absorbed, the fry emerge and begin feeding on
aguatic insects. All fry have emerged by early June. The juveniles hold in the river for nearly a year
before moving out to sea the following December through March. Once in the ocean, salmon are largely
piscivorous and grow rapidly.

Habitat Requirements. The specific habitat requirements of late-fall chinook have not been determined,
but they are presumably similar to other chinook salmon runs and fall within the range of physical and
chemical characterigtics of the Sacramento River above Red BIluff.

Distribution: Sacramento late-fall run chinook are found mainly in the Sacramento River, and most
spawning and rearing of juveniles takes place in the reach between Red Bluff and Redding (Keswick
Dam). According to Vogel and Marine (1991), however, up to approximately 15-30% of the total iate-
fal run can spawn downstream of Red Bluff when “water quality is good’. R. Painter (pers. comm.)
indicated that apparent late-fall run chinook have been observed spawning in Battle Creek, Cottonwood
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Creek, Clear Creek, Mill Creek, Yuba River and Feather River, but these are at best a small fraction of
the total population. The Battle Creek spawners are presumably derived from an artificially maintained
run into Battle Creek Fish Hatchery. The historic distribution of the late-fall run is not known, but it
probably spawned in the upper Sacramento River and major tributaries in reaches now blocked by Shasta
Dam.

Abundance: The historic abundance of late-fall chinook is not known because it was recognized as
distinct from fall-run chinook only after Red Bluff Diversion Dam was constructed in 1966. In order to
get past the dam, salmon migrating up the Sacramento River had to ascend a fish ladder in which they
could be counted with some accuracy for the first time. The four chinook salmon runs present in the river
(fall, late-fall, winter, spring) were revealed as peaks in the counts, athough salmon passed over the dam
during every month of the year. Next to winter-run chinook (now listed as an endangered species by the
state and as threatened by the federal government), late-fall run chinook are the least numerous run in the
Sacramento River and, like winter-run and spring-run chinook, their numbers have declined since counting
began in 1967. In the first 10 years of counting (1967-1976) the run averaged about 22,000 fish; in the
last 10 years of counting (1982-1991) the run averaged about 9,700 fish (CDFG, unpubl. data). There
have been no counts of 20,000 fish or more since 1975, although 16,000 fish were counted in 1987. The
run in 1991 was 7,089 fish (USFWS 1992). Counts for 1992 and 1993 are not available because the gates
a Red Bluff Diversion Dam have been opened to allow free passage for winter-run chinook adults and
smolts, counting the adult migrants is therefore no longer possible.

Nature and Degree of Threat: For late-fall run chinook salmon, the causes of population declines are
poorly understood, but presumably are similar to those of winter-run chinook (Williams and Williams
1991) and spring-run chinook (this report). The principle causes of decline seem to be (1) passage
problems over dams, (2) loss of habitat, (3) introgression with other runs, and (4) other factors such as
disease and pollutants.

Passage problems over dams. When Shasta and Keswick Dams were built in the 1940s, they presumably
denied access of late-fall run chinook to upstream spawning areas where run-off and spring water
originating from Mt. Shasta and other areas kept water temperatures cool enough for successful spawning,
egg incubation and over-summer surviva of juvenile sailmon. The effects of Red Bluff Diversion Dam
(RBDD) were more subtle and not recognized until fairly recently (Williams and Williams 1991). This
dam apparently delays passage to upstream spawning areas and also concentrates predators, increasing
mortality on out-migrating smelts (USBR reports). Kope and Botsford (1990) documented that the overall
decline of Sacramento River salmon was closely tied to the construction of RBDD.

Habitat loss or deterioration. Large dams on the Sacramento River and its tributaries have not only denied
salmon access to historic spawning grounds, but they have reduced or eliminated recruitment of spawning
gravels into the river beds below the dams and altered temperature regimes. Loss of spawning gravels
in the Sacramento River below Keswick Dam is regarded as a serious problem, and large quantities of
gravel are now trucked to the river and dumped in, mainly to provide spawning sites for winter-run
chinook. However, it is likdly that late-fall run aso use these gravel deposits (R. Painter, pers. comm.).
Overly warm temperatures can be a problem in this reach, mainly during drought years when flows are
reduced to save water in Shasta Reservoir. Also, the reduced reservoir volume during drought years and
the inability to tap colder levels of the reservoir have meant that water released below the dam is often
warmer than desirable. Efforts being made to provide cooler summer flows for winter-run chinook should
also benefit late-fall run chinook.
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Fishing. The actual harvest rates of late-fall chinook are not known, but it is highly likely that they are
harvested at the same rates as fall chinook, the principal remaining run in the Sacramento River. In
general, chinook salmon are harvested in both ocean and in-river fisheries. Although the fisheries are
capturing mainly hatchery fish, they are presumably also taking wild fish at least in proportionate
abundance relative to hatchery fish. Given the small size of the remaining runs of wild fish, the take of
even a few wild fish may have a significant effect on their populations. It is likely that as many as one-
half of the wild fish are taken in the fisheries.

Commercial fisheries also may be affecting the chinook populations indirectly through the continual
removal of larger and older individuals. This results in spawning runs made up mainly of three-year-old
fish, which are smaller and therefore produce fewer eggs per femae. The removal of older fish aso
eliminates much of the natural “cushion” the populations have against natural disasters such as severe
drought, which may wipe out a run in one year. Under natural conditions, the four- and five-year-old fish
still in the ocean help to keep the runs balanced and can make up for the fish lost during an occasional
catastrophe. Under present conditions, a loss of a run in one year will result in very low runs three years
later, and the loss of runs two or three years in a row can eliminate a population.

Outmigrant mortality. Smolt mortality is probably a factor affecting late-fall chinook abundance as it is
for al runs of samon in the Sacramento-San Joaquin drainage. Small. numbers of outmigrants are
presumably entrained at every irrigation diversion along the Sacramento River that is operating during the
migration period. At the same time, extensive bank alteration, especialy rip-rapping, reduces the amount
of cover available to protect the outmigrants from striped bass and other predators. When SWP and CVP
pumping rates are high and outflows relatively low, spring chinook smolts are probably entrained in large
numbers, consumed by predators in Clifton Court Forebay and other off-channel areas, or are otherwise
diverted from their downstream migration.

Introgression with other chinook salmon runs. The spawning season of late-fall run chinook overlaps
somewhat with that of fall-run chinook in January and with winter-run chinook in April. Behaviora or
physiological barriers to interbreeding at these times are unlikely, and the extent to which it occurs is not
known. Prior to the construction of Shasta Dam, there probably was spatial as well as seasona
segregation among the three runs. However, since these three runs are now forced to spawn in one reach
of the Sacramento River, introgression is likely. Introgression of mainstem populations of spring-run,
chinook with fall-run chinook apparently has resulted in the loss of the distinctiveness of these runs in
the Sacramento River, as indicated by an earlier shift in fall-run arrival in the upper river and a protracted
fall spawning period (Vogel and Marine 1991). The blurring of run distinctiveness may also be happening
with late-fall run chinook.

Late-fall run chinook are reared in small numbers in Coleman National Fish Hatchery on
Battle Creek. Hatchery broodstock selection for late-fall run chinook includes both fish naturally returning
to Battle Creek and those trapped at Keswick Dam. An arbitrary separation date (Dec. 15) is used to
designate fish returning to Coleman National Fish Hatchery as late-fall run versus fall-run; however, there
undoubtedly is overlap in the run timing. Interbreeding of hatchery fish with wild fish has the potentia
to dilute and eventually eliminate the genetic distinctiveness of the remaining naturally reproducing stock.

Pollution. A potential problem is the liklihood of a major spill of water laden with toxic chemicals from
the Iron Mountain mine site, if the Spring Creek retention reservoir spills or bursts. These wastes could
wipe out either migrating adults or, more likdly, juveniles holding in the river.

M anagement. At present, less management is done to benefit directly late-fall run chinook salmon than

any other run in the Sacramento River, mostly because the least is known about it. This run should
benefit considerably from measures being taken to enhance winter-run and fall-run chinook populations
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intheriver. However, studies should be undertaken to understand the environmental requirements of this
run better because late-fall run chinook salmon need protection at al stages of their life cycle. A
reasonable restoration goal for this run is to have annual runs of 25,000 to 35,000 spawners, with a mean
of around 30,000. Restoration will require: (1) providing passage of adults to holding and spawning aress,
(2) protecting adults in the spawning areas, (3) providing passage flows for out-migrating juveniles, (4)
providing habitat for juvenile fish, (5) regulating the fisheries, and (6) reducing the effects of hatchery fish
on wild populations.
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COHO SALMON
Oncorhynchus kisutch (Walbaum)

Status; Class 1. Threatened.

Description: Coho are fairly large sdlmon, with spawning adults typically attaining 55-70 cm FL and
weighing 3-6 kg. They have 9-12 dorsal fin rays, 12-17 and fin rays, 13-16 pectoral fin rays, and 9-11
pelvic fin rays. Lateral line scales number 121-148 and the scales are pored. There are 11-15
branchiostegal rays on either side of the jaw. Gill rakers are rough and widely spaced, with 12-16 on the
lower half of the first arch.

Spawning adults are dark and drab. The head and back are dark green, the sides are a dull
maroon to brown, and the belly is grey to black. Femaes are paler than males. Spawning males are
characterized by a bright red lateral stripe, hooked jaw, and dightly humped back. Both sexes have small
black spots on the back, dorsal fin, and upper lobe of the caudal fin. The adipose fin is finely speckled,
imparting to it a grey color; except for the caudal, the other fins lack spots and are tinted orange. The
gums of the lower jaw are grey, except the upper area at the base of the teeth, which is generally whitish
(Fry 1973). Parr have 8-12 narrow parr marks centered along the lateral line. The marks are narrow and
widely spaced.

Taxonomic Relationships: Coho salmon are one of five species of Pacific salmon (Oncorhynchus) found
in Cdifornia. They do not appear to have the geneticaly distinct, temporaly segregated runs that
characterize the more abundant chinook salmon and steelhead trout. However, given the homing
capabilities of coho salmon, it is reasonable to expect that at least some coastal areas have their coho
populations adapted for local environmental conditions (e.g., with, regard to run timing and other life
history characteristics). A recent study of allozyme variation in California coho salmon showed that most
variant aleles occurred at three or fewer localities, although the distribution of those aleles did not follow
any particular pattern (Bartley et a. 1992). It was concluded that gene flow among California populations
was high from an evolutionary perspective, but low in terms of the actual humber of individuals (1.4 per
generation) being exchanged between populations. Further population genetic studies (e.g., using mtDNA)
are needed. Overall, coho populations in California are the southernmost for the species and presumably
have adapted to the extreme conditions (for coho salmon) of many coastal streams. There is some
indication from allozyme data that California stocks may be somewhat geneticaly differentiated from
stocks in more northern areas (Bartley et a. 1992).

Life History: The life history of the coho salmon in Cdifornia has been well documented by Shapavalov
and Taft (1954) and Hassler (1987). A comprehensive account of coho salmon biology throughout their
range is given by Sandercock (1991), and ocean-related aspects are covered by Pearcy (1992). Coho
salmon return to their parent streams to spawn after spending one or two years in the ocean (up to three
years in Alaska). Jack males may, however, return after one growing season in the ocean (at age two
years), but most fish return after two growing seasons in the ocean (age three). The spawning migrations
begin after heavy late-fall or winter rains breach the sand bars at the mouths of coastal streams, alowing
the fish to move into them. However, migration typically occurs when stream flows are either rising or
falling, not necessarily when streams are in full flood. The timing of their return varies considerably, but
in general they return earlier in the season in more northern areas and in the larger river systems (Baker
and Reynolds 1986). In the Klamath River, the coho run is between September and late-December,
peaking in October-November. Spawning itself occurs mainly in November and December (USFWS
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1979). The early part of the run is dominated by males, with females returning in greater numbers during
the latter part of the run. The coho run in the Edl River occurs 4-6 weeks later than that in the Klamath
River; arrival in the upper reaches of the E€l River peaks in November-December (Baker and Reynolds
1986). In the short coastal streams of California, most coho return during mid-November through mid-
January (Baker and Reynolds 1986). In the southernmost populations in Scott and Waddell creeks (Santa
Cruz County), spawning migrations often do not occur until November or December. (Shapovalov and Taft
1954) and spawning may extend into February (J. Smith, pers. comm.). In Oregon streams, spawning can
occur as late as March if drought conditions delay rains or runoff (Sandercock 1991). Coho salmon
migrate up and spawn mainly in streams that flow directly into the ocean or in tributaries of large rivers.
Generally, coho spawn in smaller streams than those used by chinooks.

Females choose the spawning sites (redds) usually near the head of a riffle, just below a pool,
where the water changes from a smooth to a turbulent flow and there is medium to small gravel substrate.
Flow characteristics of the redd location usually ensure good aeration, and the circulation facilitates fry
emergence from the gravel. Each female, moving upstream, builds a series of redds and deposits a few
hundred eggs in each. Thus, spawning may take about a week to complete and a female can lay between
1,400-7,000 eggs. There is a positive correlation between fecundity and size of females. A dominant
male accompanies a female during spawning, but one or more subordinate males also may engage in
spawning (Hassler 1987). Both males and females die after spawning, athough the female may guard a
nest for up to two weeks (Hassler 1987).

Embryos hatch after 8-12 weeks of incubation, the time being inversaly related to water
temperature. Hatchlings remain in the gravel until their yolk sacs have been absorbed, 4-10 weeks after
hatching. Under optimum conditions, mortality during this period can be as low as 10%; under adverse
conditions of high scouring flows or heavy siltation, mortality may be close to 100% (Baker and
Reynolds 1986). Upon emerging, they seek out shallow water, usually aong the stream margins. Initially
they form schools, but as they grow higger the schools break up and juveniles (parr) set up individual
territories. Larger parr tend to occupy the heads of pools, smaler parr are found farther down the pools
(Chapman and Bjornn 1969). As the fish continue to grow, they move into deeper water and expand their
territories until, by July and August, they are in deep pools. Optimal habitat seems to be deep pools
containing rootwads and boulders in heavily shaded sections of stream. Growth rates slow down at this
stage, possibly due to lack of food or because the fish reduce feeding as a result of warmer temperatures.

During December-February, winter rains result in increased stream flows and by March, following
peak flows, fish are feeding heavily on insects and crustaceans and grow rapidly. Toward the end of
March and the beginning of April they begin to migrate downstream and into the ocean. Outmigration
in California streams typicaly peaks in mid-May, if conditions are favorable. Migratory behavior is
related to rising or falling water levels, size of fish, day length, water temperature, food densities, and
dissolved oxygen levels. At this point, the outmigrants are about one year old and 10-13 cm in length.
The fish migrate in small schools of about 10-50 individuals. Parr marks are still prominent in the early
migrants, but the later migrants are silvery, having transformed into smolts.

After entering the ocean, the immature salmon initially remain in inshore waters close to the
parent stream. They gradually move northward, staying over the continental shelf. Coho salmon can range
widely in the north Pacific, but the movements of California fish are poorly known. Most coho caught
off California in ocean fisheries were reared in coastal Oregon streams (natural and hatcheries). In 1990,
for instance, 112,600 coho were caught in commercial and recreational ocean fisheries, which greatly
exceeds the present production capability of California populations alone (A. Baracco, pers. comm.).
Oceanic coho tend to school together. Although it is not known if the schools are mixed, consisting of
fish from a number of different streams, fish from different regions are found in the same genera aress.
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Adult coho salmon are primarily piscivores, but shrimp, crabs, and other pelagic invertebrates can be
important food in some areas.

Habitat Requirements. Coho salmon move upstream in response to an increase in stream flows caused
by fal storms, especialy in small streams when water temperatures are 4-14°C. Spawning sites are
typicaly at the heads of riffles or tails of pools where there are beds of loose, silt-free, coarse gravel and
cover nearby for the adults. Unlike other salmon species, coho salmon redds can be situated in substrates
composed of up to 10% tines (Emmett et al. 1991), but spawning success and fry survival generally are
favored by very clean gravd (<5% fines) (CDFG 1991). Spawning depths are 10-54 cm, with water
velocities of 0.2-0.8 m sec™ (Hassler 1987). Optimal temperatures for development of the embryos in
the gravd is 4.4-13.3°C, although eggs and alevins can be found in 4.4-21.0°C water (Emmett et al.
1991). Dissolved oxygen levels should be above 8 mg 17 for eggs and above 4 mg 1™ for juveniles
(Emmett et al. 1991).

Juveniles prefer deep (21 m), well-shaded pools with plenty of overhead cover; highest densities
are typicaly associated with instream cover such as undercut banks or logs and other woody debris in the
pools or runs. Juveniles require water temperatures not exceeding 22-25°C for extended periods of time
and oxygen and food (invertebrates) levels that remain high. Preferred temperatures are 10-15°C (Hasdler
1987); preferred water velocities for juveniles are .09-.46 m sec’, depending on habitat. High turbidity
is detrimental to emergence, feeding and growth of young coho (Hasder 1987, Emmett et a. 1991).
Young and adult coho salmon are found over a wide range of substrates, from silt to bedrock.

Distribution: Coho sailmon are widely distributed in the northern temperate latitudes. In North America,
they spawn in coastal streams from California to Alaska. In Asia, they range from northern Japan to the
Anadyr River in the Soviet Union. In California, principal populations are located in the Klamath, Trinity,
Mad, Noyo, and Ed rivers, with other populations in smaller coastal streams south to Scott and Waddell
creeks, Santa Cruz County. In the Eel River system, they formerly ascended 390 km (246 mi) of stream
in 69 tributaries (Mills 1983) of the South Fork Edl, the lower mainstem Ed River, and the Van Duzen
River (Brown 1987). Annual runs in the Eel River system in earlier years have been estimated at over
40,000 fish (U.S. Heritage Conservation and Recreation Service 1980); current runs are less than 1,000
fish (Brown and Moyle 1991). Brown and Moyle (1991) found historical records of occurrence of coho
in 582 California streams, ranging from the Smith River near the Oregon border to the Big Sur River on
the central coast. More recent records of surveys were available for only 244 of the streams; of those
streams, 46 % had lost their populations. Generaly, the farther south a stream was located, the more
likely it was to have lost its coho population (Brown and Moyle 1991). Coho samon are rare in the
Sacramento River even though several attempts have been made to establish runs (Hallock and Fry 1967).
It is likely that runs occured at one time at least in tributaries to San Francisco Bay, if not in more interior
streams. Coho salmon of hatchery origin also have been stocked in reservoirs such as Lake Berryessa
with considerable success. The coho do not reproduce in reservoir tributaries, however, and therefore
must be restocked annually to support angling.

Abundance: Historical figures of statewide coho salmon abundance were essentially guesses made by
fisheries managers, based on limited catch statistics, hatchery records, and personal observations of runs
in various streams. Maximum estimates for the number of coho spawning in the state in the 1940s range
from 200,000-500,000 (E.R. Gerstung, pers. comm.) to close to 1 million (Calif. Advisory Committee
on Salmon and Steelhead Trout 1988). Coho numbers held at about 100,000 statewide in the 1960s
(Cdlifornia Advisory Committee on Salmon and Steelhead Trout 1988), with 40,000 in the E€l River alone
(U.S. Heritage Conservation and Recreation Service 1980), and then dropped to a statewide average of
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around 33,500 for the 1980s (Brown et al. 1994). The reliability of these estimates is uncertain, and so
must be viewed only as “order-of magnitude” approximations. Coho samon in California, including
hatchery stocks, presently are less than 6% of their abundance during the 1940s, with probably at least
a 70% decline in numbers since the 1960s. Brown et al. (1994) estimated that the total number of adult
coho salmon entering California streams in 1988-90 averaged about 31,000 fish per year. However,
hatchery fish made up 57% of this total, and many big-river populations contain at least some fish of
recent hatchery ancestry. The hatchery stocks, without exception, have in their ancestry fish from other
river systems and often from outside California (Brown and Moyle 1991, Brown et a., unpubl.). This
may explain the overal lack of genetic differentiation of coho salmon from different California streams
(Bartley et a. 1992).

Coho salmon are widely distributed in coastal streams of California. Their populations show large
fluctuations, but the general trend has been downward in the wild populations of small coastal streams.
Of 582 coastal streams that historically held coho salmon, at least 19% and perhaps up to 40-50% have
lost their coho runs (Brown et a. 1994). In Del Norte County, 45% of the streams for which there are
reliable records have lost their coho populations, mainly in the Klamath-Trinity system. Corresponding
percentages for other counties are: Humboldt County, 31; Mendocino County, 41; Sonoma County, 86.
Farther south, the value is 56%, but this excludes streams in the Sacramento drainage and includes streams
with extremely low populations that are enhanced by hatchery production. The big-river populations
presently are largely maintained by hatchery production. Early accounts indicate that the Sacramento
drainage supported coho salmon in the 19th century (U.S. Comm. Fish and Fisheries 1892, Evermann and
Clark 1931), but the coho were extirpated before any good records were kept. Historical annual spawning
escapements for the Klamath River system have been estimated at 15,400-20,000 fish, with 8,000 for the
Trinity River (USFWS 1979). Only 1,700 cohos returned to Klamath Basin hatcheries in 1990 (A.
Baracco, pers. comm.) and 3,100 returned in 1991 (CDFG 1992a).

Probably the largest concentration of wild fish (with little or no hatchery influence) is in the South
Fork of the Eel River, which has been estimated to have runs of about 1,300 fish. The latest (1990)
survey, however, indicates a population one-half to one-third that size. This stock seems to be the only
remaining wild, big-river coho run in Cdifornia. Lagunitas Creek (Marin County) supports one of the
better small-stream coho runs. This stream and its tributaries historicaly supported 500-2,000 adult
spawners yearly (E. Gerstung, pers. comm.); the 1991-1992 run has been estimated at 500 fish (L. Cronin,
pers. comm.). A similar sdf-sustaining run apparently exists in nearby Redwood Creek. Brown et al.
(1994) considered 5,000-7,000 fish to be a redistic assessment of the total number of naturaly spawned
adults returning to California streams each year since 1987, although this number includes some stocks
that contain fish of recent hatchery derivation. Presently, there are probably less than 5,000 wild coho
salmon (no hatchery influence) spawning in Cdifornia each year. Many of these fish are in populations
of less than 100 individuas. These small populations are probably below the minimum population size
required to preserve the genetic diversity of the stock and to buffer them from natural environmental
disasters. There is every reason, therefore, to think that California's coho populations are continuing to
decline. Higgins (1992) divides California's coho populations into 18 “stocks’, ten of which are
considered to be “at high risk of extinction.” Abundance of wild coho salmon in both Washington and
Oregon aso is low and declining (Nehlsen et a. 1991), and the species is classified there as “ sensitive-
critical” (Weeks 1992). In 1993, the Audubon Society and other groups petitioned the Pacific Fisheries
Management Council to ban all harvest of coho salmon south of Canada because of its alarming declines
throughout the Pecific northwest. A petition to list al coho salmon populations in Washington, Oregon,
and Cdlifornia as endangered was filed with NMFS by a codition of environmental groups in October
1993. In addition, the populations of coho salmon in Scott and Waddell creeks (Santa Cmz County) were
petitioned for endangered status to the state Fish and Game Commission (January 1993, by David Hope).
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Nature and Degree of Threat: The threats to a species’ survival may be categorized, according to the
Endangered Species Act, as follows: “(A) the present, or threatened, destruction, modification, or
curtailment of its habitat or range, (B) over-utilization for commercial, recreational, or educationa
purposes, (C) disease or predation, (D) inadequacy of existing regulatory mechanisms, or (E) other natura
or manmade factors affecting its continued existence.” For coho salmon all these factors seem to apply.
The general reasons for the decline of coho salmon in California are many and well known (Brown et d.
1994): poor land-use practices that degrade streams, especially those related to logging and urbanization;
the exacerbating effects of floods and drought; the breakdown of the genetic integrity of wild stocks
through planting of hatchery fish; introduced diseases; overharvesting; climatic change. Although al
salmon are affected by these factors, their effects on California coho are likely to be particularly severe
because virtudly all females are three years old. Therefore, wdl-timed flood or severe drought, in
conjunction with one of the above human-caused factors, can eliminate one or more year classes from a
stream. There is good evidence that this has aready happened repeatedly in coastal drainages, where the
decline of coho is linked to poor stream and watershed management. In more northern streams
(Mendocino to Dd Norte counties), most damage has been done by post-World War 1 logging practices
that remove riparian vegetation and woody debris from channels, cause stream temperatures to increase,
till pools with silt and gravel, alter stream channels, and otherwise ater habitats. In more southern
streams, road construction, poor farming and grazing practices, and water diversions have been the major
causes of coho declines (K. Anderson, pers. comm.). At the present time, populations are so low that
even moderate fishing pressure on wild coho may prevent recovery, even in places where stream habitats
are adequate. Existing regulatory mechanisms, such as fishing regulations, forest practice rules, and
stream alteration agreements, have been inadequate to protect the species in California, Oregon, and
Washington, and populations have declined steadily and precipitoudly as a resullt.

Management: The key to stopping the decline of coho salmon is to protect their spawning and rearing
streams and to restore damaged habitat (Emig et a. 1988). This is a difficult task because it means
modifying logging, farming, and road construction activities in dozens of coastal drainages and
implementing habitat restoration plans in hundreds of streams. In many streams it means that major
recongtruction projects, such as the one underway in Bull Creek, Humboldt Redwoods State Park, must
be funded and completed. Closing or greatly restricting the fishery for a few years is also a necessity.
Given the large scae of coho problems, innovative approaches to stream restoration must be tied,
working with landowners, timber companies, and gravel miners. For example, logging operations in
sensitive drainages should be required to add root wads and other large woody debris to streams to create
pools. Gravel extraction operations in streams should be managed in such a way that excess gravel is
removed to create coho habitat.

Serious consideration should be given to eliminating all production hatchery programs, especialy
those that rely on non-native stocks. This would reduce the effects of interbreeding of hatchery coho with
wild coho, and reduce the spread of hatchery diseases to wild fish. Where population augmentation is
deemed necessary, small-scale, on-stream hatchery operations using local wild stock could be used as
temporary measures (but must be used with extreme caution, with a firm closure years).

Management goals put forward by the CDFG could reverse the trends if properly implemented,
but that will require a mgjor effort involving increased funding, considerable interagency cooperation, and
development of an extensive monitoring program. Monitoring the populations is a necessity; spawning
streams should be identified and populations should be sampled annually. This would allow population
trends to be followed and provide focus for restoration efforts. The challenges of managing such a diffuse
resource as coho salmon are considerable, but if the population declines are not reversed soon, we are
likely to lose many more populations, including the southernmost populations of the species.
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Coho salmon in California qualify for listing as a threatened species under state law. However,
preservation and restoration of local populations can be effectively achieved only by cooperative, active,
and immediate efforts by the resource agencies, loca governments and private or commercial groups
directly concerned with the species. Perhaps the first step in restoring coho populations in Caifornia
would be to establish a Coho Task Force, representing agencies and private groups, that should meset as
soon as possible to recommend protective measures and establish restoration priorities. A version of such
a group (The Coho Salmon Technical Committee) has been established (1993) by the California Forestry
Association to develop recommendations for restoration of coho salmon populations on private timber
lands. Major public works funding must be obtained for stream restoration to benefit not only coho
salmon but all the other species that depend on healthy streams.
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FIGURE 9. Distribution of coho salmon, Oncorhynchus kisutch, in California.
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PINK SALMON
Oncorhynchus gorbuscha (Walbaum)

Status: Class 1. Extinct or Endangered in California

Description: Pink salmon are the smallest of the Pacific salmon, usually reaching less than 60 cm SL (2.5
kg). Maximum recorded length is 76 cm SL (6.3 kg). They are distinguished from other salmon species
by the black oval markings on both caudal lobes and back. The number of gill rakers, which ranges from
16-21 on the lower, first gill arch, is also distinctive (McPhail and Lindsey 1970). The mouth is terminal
and there are sharp teeth on both jaws, the vomer, palatines and on the tongue. The dorsal fin has 10-16
complete rays, the anal fin 13-19, the pectoral fin, 14-18 and the pelvic tins 9-11 rays. There are 147-198
scales along the latera line, Branchiostegal rays number from 10-15 on either side of the jaw.

Marine-phase fish are steel blue to blue-green dorsally, are white ventrally, and have silver sides.
The back and upper parts of the lateral surfaces have large black spots which are also present on the
adipose and caudal fin lobes (Scott and Crossman 1973). Spawning males have a pronounced hump
immediately behind the head (the reason for their other common name, humpback salmon), and the snout
is greatly enlarged and hooked. The body color becomes darker, especially on the head and back. The
sides become pale red, with brown to olive-green markings. Reproductive females lack the conspicuous
hump of the males and resemble trout in general body shape. Their sides are olive green, with long,
dusky, vertica markings. Scales in reproductive pink salmon become deeply embedded. Juveniles in
fresh water are small (<40 mm) and lack parr marks.

Taxonomic Relationships: This species was first described in 1792 (see Scott and Crossman 1973, for
complete synonymy).Nothing is known about the genetic identities of California fish or how they relate
to more northern populations. However, biochemical differences have been observed between pink
salmon stocks in different river systems (Beacham and Withler 1985), and Russian workers also have
noted genetic differences between stocks in different geographical areas (Omel'chenko and Vyalova 1990).

Life History: The life history of pink samon is well known, so this account briefly summarizes
information in Scott and Crossman (1973) and Heard (1991). Pink salmon live for two years although
occasiondly three-year-old fish are reported. The adults move into fresh water between June and
September and spawn from mid-July to late October, depending on the geographic location. Spawning
in California has only been recorded in October (Fry 1967). Most pink salmon spawn in the intertidal
or lower reaches of streams and river, although upstream migrations of 100-700 km are found in some
river systems. Spawning occurs in gravelly riffles with water depths between 20-60 cm. The six redds
built by females in the lower Russian River were al situated along the stream edges where the substrate
was finer (Fry 1967). No redds were found in the middle portion of the riffle where the substrate was
composed of coarser gravel. During nest building, the female lies on her side and excavates a depression
approximately 90 cm long and 45 cm deep. The female indicates spawning readiness by sinking down
into the redd until her anal fin touches the gravel. The male then swims up alongside and both fish settle
down in the redd, quivering and gaping as they release gametes. Once egg deposition is completed, the
female coversthe redd with gravel by displacing substrate from the upstream margin of the redd. Females
may spawn with several males; the nest area is typicaly defended by a large dominant male and severa
smaller, subordinate males. Likewise, a single male will spawn with several females.

A female usualy lays 1,200-1,900 eggs during the spawning period, which lasts for severa days.
Both males and females die a few days to a few weeks after spawning. Embryos hatch after 4-6 months
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of incubation, presumably in February and March in California. The aevins emerge from the gravel in
April or May, at which time the yolk-sac has been absorbed. The fry are about 35 mm TL and
immediately begin to migrate downstream into the estuary. Juvenile migration takes place at night and
fish move rapidly downstream, usually reaching the estuary in one night. Once in the estuary they form
large schools and remain in the inshore areas for several months before moving out to sea. Most juveniles
do not remain in fresh water long enough to feed, although those that hatch from redds further upstream
have been known to feed on aquatic insects. At sea, juveniles feed on small crustaceans and other
invertebrates. Maturing adults feed mostly on fish, squid, euphausiids, amphipods and copepods.

Pink salmon wander great distances while in the oceans and tagged fish have been captured 2,700
km (1,700 mi) from where they were tagged (Omel'chenko and Vyalova 1990). However, they are fairly
faithful to their parent streams and return there for spawning. The two-year life span of pink salmon
results in distinctive populations which form odd- and even-year spawning runs. Some streams may
support major runs of both (odd and even) years whereas others may support major runs of one or the
other year. Historically, the southernmost pink salmon fisheries in North America landed large numbers
only in odd-numbered years, and in California most records of pink salmon up through the 1950s were
for odd years (Hallock and Fry 1967).

Habitat Requirements. Spawning streams for pink sailmon have shallow, riffle sections with small gravel
substrates. Emmett et al. (1991) summarize the requisite ranges of physical parameters as follows.
Optimal temperatures for pink salmon are 5.6-14.4°C; 0.0°C and 25.6°C are the lethal limits. Spawning
generally occurs at temperatures of 7.2-12.8°C, with 4.4-13.3°C optimal for hatching. Embryos and
alevins require fast-flowing (21-101 cm sec') and well-oxygenated (>6 mg 1Y) water for normal
development and survival.

Distribution: Spawning pink salmon ascend coastal streams of northern Asia, from Korea through Japan
to Siberia (Heard 1991). Along the northwestern Pacific coast of North America they range from the
MacKenzie River in the Yukon Territory of Canada south to coastal streams of California. Isolated
oceanic records have been documented as far south as La Jolla (Hubbs 1946). However, the largest runs
on the southernmost end of their range are in streams tributary to Puget Sound (Hallock and Fry 1967).
In California, small numbers have been reported from the San Lorenzo River (Scotield 1916), the
Sacramento River and tributaries (Hallock and Fry 1967), the Klamath River (Snyder 1931), and the
Russian, Garcia, and Ten Mile rivers (Taft 1938). One specimen each has also been reported from the
Mad River and Prairie Creek, Humboldt County (Taft 1938, Smedley 1952), Lagunitas Creek at the south
end of Tomales Bay (B. Cox, pers. comm.), and from Mill Creek, Tehama County (Taft 1938). A pink
salmon caught in the Mad River also was reported in the popular press (Arcata Union, Sept. 6, 1928; S.
Van Kirk, pers. comm.), which stated that this species had been frequently taken in the Mad River by net
fishermen many years earlier. Pink salmon have been observed spawning in the Ten Mile and Garcia
rivers (Taft 1938), and there is an additional record of spawning in the lower Russian River, where Fry
(1967) observed at least six pink samon redds in 1955. Irregular occurrences of spawning in some
Mendocino County streams also was reported by Roedel (1953). During the 1800s, pink salmon were
reported to occur in the Sacramento River, "..which it [sic] ascends in tolerable numbers in October”
(Cdlif. Comm. of Fish. 1881, p. 54). During the 1930s, commercial fishermen on the Sacramento River
reportedly captured a dozen or more pink salmon in some seasons (Hallock and Fry 1967). In the period
1949-1958, 38 pink samon were taken in the Sacramento River system; this included 12 fish from
Coleman National Fish Hatchery, 4 in Mill Creek and 3 at Nimbus Fish Hatchery on the American River
(Hallock and Fry 1967). Recent occurrences of pink salmon have been infrequent. Within the last two
decades, one individual was seen in the Garcia River, and 1 or 2 have been caught every year for severa
years in the Klamath River system (L.B. Boydstun, pers. comm.). One pink was seen in the American
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River by T. Mills (pers. comm.) and 3 more (males) were taken on that river on three separate occasions
(R. Ducey, pers. comm.). No pinks have been seen recently at the Feather River Hatchery, the Coleman
National Fish Hatchery, Red Bluff Diversion Dam, or in stream surveys in the northern Sacramento River
drainage (R. Painter, pers. comm.) and San Joaquin drainage (M. Pisano, pers. comm.). However, limited
spawning occurred in the Sacramento-San Joaquin river system during 1989, because seven pink salmon
smolts were salvaged at the state J.E. Skinner Fish Protective Facility near Tracy in March, 1990 (D.
McEwan, pers. comm.).

Abundance: In Alaska and Canada, pink salmon are extremely abundant and support magjor commercial
fisheries. California is the southern edge of their range so they have never been common here, although
they may have occurred in noticeable numbers in the past. In the late 1880s, they were reported to occur
in the Sacramento River system as well as in Humboldt County waters, and pinks were included in the
salmon catch sent from the northern coast to San Francisco markets (U.S. Comm. Fish and Fisheries,
1892). Taft (1938) cited reports by CDFG wardens that considerable numbers of pink salmon were
running in northern California streams in 1937: “many quite large schools of them” in the Ten Mile
River, and “several hundreds’ in the Garcia River, “spawning al over from the Red Bridge to the western
boundary of the Indian Reservation, a distance of about two miles.” They aso were observed in the
Russian River during that year (Taft 1938). Today, however, pink salmon are extremely rare in
Cdifornia. Mot fish recorded in the state are probably fish that strayed while a sea and followed other
species of salmon upstream. Their occurrence in the Russian River in 1937 and evidence of limited
spawning in 1955 (Fry 1967), would indicate that this “run” may be the southernmost one for the species,
except for occasional spawners in the Sacramento River. A run in the Russian River has not been
recorded since Fry's report. There have been no reports of pink salmon in that river or surrounding areas
of Sonoma and Marin counties for at least the past 12 years (B. Cox, pers. comm.). Given the major
changes that have taken place in the Russian River in the past 20 years, such as gravel mining, the
construction of Dry Creek Dam, and a number of major pollution events, it is likely that pink salmon no
longer spawn there. However, an effort should be made to determine if the fish truly are absent rather
than just overlooked.

Nature and Degree of Threat: For pink salmon, threats to their existence in California cannot be clearly
identified because of the sparseness of historical data on their abundance and distribution. In fact, they
already may be extinct in the state. Because of their tendency to migrate and spawn only short distances
upriver from the ocean, pink salmon runs probably would have been adversely affected by the genera
degradation and diminution of estuaries and the lower reaches of rivers in California.

Management: The first step is to determine if reproducing populations exist anywhere in California. The
lower reaches of the Ten Mile, Garcia and Russian rivers should be thoroughly surveyed at the appropriate
time of year (mid-September through November) and recent records elseawhere in the state carefully
investigated. If viable spawning populations exist, then habitat, flow, and water quality should be
protected.
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FIGURE 10. Spawning areas of pink salmon, Oncorhynchus gorbuscha, in the Russian River,
California.
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CHUM SALMON
Oncorhynchus keta (Walbaum)

Status. Class 1. Endangered in California

Description: Chum salmon are second only to chinook salmon (O. tshawytscha) in size, reportedly
growing up to about 1 m SL and 20.8 kg in weight, but they typicaly are less than 80 cm SL. They can
be distinguished from other salmon (except sockeye, O. nerka) by the absence of black spots on the back
and fins. There are 11-17 short, smooth gill rakers on the lower half of the first gill arch, 10-14 major
rays in the dorsal fin, 13-17 in the anal fin, 14-16 in each pectora fin, and 10-11 in each pevic fin. The
scales (124-153 in the lateral line) are deeply imbedded in spawning fish. Branchiostegal rays are 12-16
on each side of the jaw. Spawning male chum samon are heavy bodied, dightly humped, and have a
long, hooked snout with conspicuous canine-like teeth. They are dark olive on the back and dirty maroon
on the sides, with irregular greenish vertical bars on the sides. Females are similar in color, although the
maroon color on the sides is less well developed. They also lack a hump and the jaw is less hooked. Parr
have 6-14 pale parr marks that seldom extend below the latera line, and the width of the light areas in
between the marks is greater than the width of the marks themselves. There is no spotting on the fins
and the back is mottled green, with silvery green sides .

Taxonomic Relationships: The chum salmon is most closely related to the pink and sockeye salmon,
forming a subgroup within Oncorhynchus (Healy 1991). Despite their typically extensive migrations in
the ocean, chum salmon evidently show a strong homing tendency to their natal streams (Salo 1991),
which would contribute to the genetic isolation of spawners in different streams. There is some evidence
that even within a single river system, genetic differentiation associated with spatia separation of
spawners may occur (Salo 1991). Whether this is a general feature of the species is not clear; much
further work is needed on the spatial-genetic structuring of chum salmon populations, including those in
California.

Life History: Chum salmon are highly migratory and versatile in their use of fresh and marine waters.
Nevertheless, because of their economic importance, their life history and habitat requirements have been
well studied (reviews in Emmett et al. 1991 and Salo 1991, from which this account is derived). They
can spawn in intertidal areas, but some populations in the Amur River, Russia, and the Yukon River of
Alaska and Canada spawn 2,500 km or more upriver. Normally, chum salmon migrations occur upriver
within 200 km from the ocean. There are no natural, completely landlocked forms. Chum salmon appear
unable to hurdle waterfalls and other barriers that present few difficulties of passage to other salmon
species. In genera, chum salmon (like pink salmon) have a short freshwater and an extensive marine life
stage, and they are especially dependent upon estuaries during the nonmigratory juvenile stage. In North
America, there is a northern (early-run) stock that spawns from June through September and a southern
(late-run) stock that spawns from August through January. In Washington, Oregon, and California, all
stocks are late-run. The early-run fish generally spawn in main stems of streams, while the late-run fish
spawn in smaller streams which have more favorable winter temperatures.

Adults show strong homing behavior to their natal streams. They spawn at 2-7 years of age, but
primarily at ages 3-5. Chum salmon prefer to spawn immediately above areas of turbulence or upwelling.
Females are territorial and will dig and spawn in a series of 4-6 nests, each one immediately upstream
of the previous spawned-in nest. A decreasing number of eggs is laid in the later nests. The combined
set of nests, the redd, averages 2.8 m’ in size. The female guards her redd until she dies. Males, which
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are sexualy active for 10-14 days, may spawn with several females, and they are physically aggressive
toward other males. Large dominant males have a greater chance of obtaining a mate. A subdominant,
or satellite, male may sneak spawn-- i.e., he will approach a spawning pair from downstream and attempt
to fertilize some eggs. Large females can lay over 4,000 eggs, but average fecundity is 2,400-3,100 eggs
per femae.

Fertilized eggs are 6.0-9.5 mm in diameter and hatch after about 2-6 months of incubation, usually
from December to February. Alevins are 20-24 mm long at hatching and grow to 30-35 mm while in the
gravel; they absorb their yolk sac in 30-50 days, and then emerge from the gravel. Fry in fresh water are
30-70 mm long, depending on the distance they must migrate from the spawning grounds to the estuary.
The fry typically emerge from the gravel at night and immediately migrate downstream. Migration of fry
is mainly nocturnal in some river systems, but they may migrate during daylight in other areas, The fry
do not school as strongly as do pink or sockeye fry, and they are attracted to the shade or darkness of
aguatic vegetation.

Fry may not feed in fresh water if their downstream migration is short. If they are in fresh water
for a lengthy period, the fry will feed on small crustaceans and insects, with chironomid larvae being of
particular importance. Significant feeding occurs in estuarine and nearshore marine areas, where they take
epibenthic prey such as harpacticoid copepods and gammarid amphipods. As they move into deeper water
and grow larger, chums include in their diet calanoid copepods, hyperiid amphipods, crustacean larvae,
larvaceans, euphausiids, pteropods and fishes.

Predators of chum fry include coho, chinook and sockeye salmon, rainbow and cutthroat trout,
Dolly Varden, sculpins, Pacific cod and some birds (e.g., belted kingfisher and mergansers). At sea,
juveniles are eaten by lampreys, sharks and other larger fishes. Bears and large predatory birds such as
osprey and bald eagles prey on spawning adults.

Habitat Requirements. Chum salmon adults and maturing juveniles are epipelagic in the ocean, but all
stages are bottom oriented in the rivers and streams. Adults migrate upstream in water velocities up to
2.44 m see™ and can spawn while in velocities of 46-101 cm set™’. Upstream migration occurs in water
between just above freezing to 21.1°C, with an optimum range of 8.3-15.6°C. Optimum spawning
temperatures are 7.2-12.8°C, and oxygen levels should be >80 percent of saturation with temporary drops
to not less than 5 mg O,1™. Spawning gravels should be 1.3-10.2 cm diameter, but eggs and alevins are
found primarily in medium-sized gravel (2-4 cm diameter). In the Columbia River drainage, chum salmon
redds were composed of 13% gravel >15 cm, 81% 115 cm, and 6% silt/sand. In a survey of redds in
Washington, 80% of the redds were located in depths of 13.4-49.7 cm, with a mean depth of 27 cm.
Incubation temperatures range from 4.4-13.3°C, athough eggs can survive colder temperatures after they
have developed for a period and become cold-tolerant. Optimum outmigration river temperatures for fry
are 6.7-13.3°C.

Eggs and alevins occur primarily in fresh water, although spawning in intertidal areas occurs. The
fry show preference for saline water after the yolk sac is absorbed and at least some strains thereafter
cannot survive extended periods in fresh water. The fry prefer shallow (<1 m) water during their initial
out-migration. An acclimation period in estuarine (10-15%o salinity) conditions may be required prior to
entering sea water. Juveniles can be killed by high suspended sediment loads (15.8-54.9 g 17Y).

Distribution: Chum salmon have the widest natural geographical distribution of the Pacific salmons,
ranging from Korea up along the Arctic coast of Russia, and from the Mackenzie River on the Canadian
Arctic coast of North America southward into central California. Historically, they were reported to occur
in “al streams from San Francisco to [the] Bering Straits’ (Jordan and Gilbert 1881), and were “said to
be abundant in the fall, from Sacramento northward” (Eigenmann 1890). Both adults and juveniles occur
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in Oregon estuaries south to Coos Bay, except the Umpqua River, and only adults have been reported
from the Rogue River (Monaco et a. 1990).

In California, chum salmon are rarely encountered today, although they were undoubtedly more
common in the past. Both adults and juveniles occur in the Klamath River on a regular basis (T.
Kisanuki, unpubl. data) and the California Academy of Sciences has a small collection of parr taken from
the Klamath River in 1944 (Moyle 1976). Adults have been found in Humboldt Bay and the Eel River
(Monaco et a. 1990). One individua was observed in Redwood Creek, Humboldt County, in 1983 (D.
Anderson, pers. comm.). In the 1880s, chum salmon were a minor portion of the salmon catch from the
Humboldt County coast sent to San Francisco markets, and they also occurred in the Sacramento River
system along with pink, coho and chinook salmon (U.S. Comm. Fish and Fisheries 1892). Based on a
ten-year (1949-1958) survey of the Sacramento River system, during which 68 chums were recorded,
Hallock and Fry (1967) concluded that a very small run of that species was present. A few fish ill are
taken in the Sacramento drainage. A few chum salmon aso have been observed annualy in the South
Fork Trinity River, the apparent remnant of a larger run that existed there prior to the 1964 flood (T.
Mills, pers. comm.). Chums have also been reported from the Smith River drainage (J. Waldvogel 1988
and pers. comm.) and spawning has been observed in Mill Creek, Del Norte County (P. Foley, pers.
comm.). Chum salmon have been found in ocean waters as far south as San Diego (Eschmeyer et al.
1983), but the southernmost freshwater record has been the San Lorenzo River, Santa Cruz Co. (Scofield
1916).

Abundance: The chum salmon is the second most humerous salmon species in the North Pacific region.
They are abundant, however, primarily north of Oregon (Monaco et a. 1990). In Cdifornia they are rare
and have probably always been uncommon, except perhaps in the Klamath-Trinity River drainages.
Today, they occur sporadically and in very low numbers. There is evidence of spawning in the South
Fork Trinity. In the period 1985-1990, between 1-3 adults were seen or captured every year except 1988,
and juveniles were taken on at least six occasions; one pair was observed spawning in 1987, and one fish
caught in 1990 was spawned out (T. Mills, unpubl. and pers. comm.). USFWS sampling crews collected
21 chum juveniles and 2 fry in the Trinity River and 4 juveniles in the Klamath Estuary during 1991 (T.
Kisanuki, unpubl. data). Small numbers also occur in the Smith River drainage. In the West Branch of
Mill Creek, atributary of the Smith, 1-8 spawning chums were observed in each of the years 1984-1988,
entering the stream during mid-December high stream flows (J. Waldvogel 1988, and pers. comm.). No
fish were seen in 1989, 1990 or 1991-- years lacking high December flows (J. Waldvogel, pers. comm.),
although it is possible that chums were present in- the mainstem Smith River or its other tributary streams
during those years.

One chum was observed in the Y uba River in the mid-1970s, five have been taken at the Feather
River Hatchery over the last 25 years, but evidently none have been seen at the Coleman Nationa Fish
Hatchery (upper Sacramento River) in the last ten years (R. Painter, pers. comm.). Severa chums have
been seen at the Nimbus Fish Hatchery on the American River, the last one during 1990, and “about
eight” were caught by fishermen in the upper American River during one year in the mid-1980s (R.
Ducey, pers. comm.). There are no recent records of chums observed during stream surveys in the
northern Sacramento River drainage (R. Painter, pers. comm.) or in the San Joaquin drainage (M. Pisano,
pers. comm.).

Overdl, it appears that the only California rivers that currently are used by chum salmon for
spawning are the South Fork Trinity, Klamath and Smith rivers, athough the numbers of fish in each river
is small. It is highly likdly that chum salmon were more abundant in the past, however, and that
Cdlifornia populations today are in danger of extinction.
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Nature and Degree of Threat: The historic uncommonness of chum salmon in California makes it difficult
to identify factors that may have negatively affected their abundance. It is known, however, that chum
salmon in general do not migrate far upriver in the southern part of their range (Salo 1991) and the lower
reaches of coastal California streams are often the most degraded reaches. Habitat deterioration of
spawning areas from logging, road building, mining, and other factors would have contributed to
population decreases.

Management: Surveys in the South Fork Trinity, Klamath, and Smith rivers should be continued to
monitor the status of the few fish spawning there. The exact timing and place of spawning need to be
determined. Suitable habitat, flow, and water quality should be maintained in order to protect and
enhance, as a group, the imperiled salmonids (including summer steelhead) in those rivers. Once key
spawning areas are known, specific plans for enhancing populations should be established.
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FIGURE 11. Recent freshwater distribution of chum salmon, Oncorhynchus keta, in the Smith, Klamath
and South Fork Trinity rivers, California.
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SUMMER STEELHEAD
Oncorhynchus mykiss irideus (Richardson)

Status; Class 1. Threatened.

Description: Summer steelhead are anadromous rainbow trout (Oncorhynchus mykiss) that return to
freshwater streams from April through June to await the winter spawning season. Adults are silver
laterally, grading into a silver-white ventrally. Dorsa coloration is blue-green with dark spots (Jones
1980). Some adults may also have pale red latera stripes during the summer. Summer steelhead usually
reach 60-80 cm FL (range 48-84 cm from the Eel River system) and weigh 3-4 kg. Males are dlightly
larger (about 6 cm) than females. They have large mouths with well-developed teeth on both upper and
lower jaws, the head and shaft of the vomer, the palatines, and the tongue. Basibranchial teeth are absent.
Gill rakers number 16-22 and branchiostegal rays, 9-13. There are 10-12 dorsal fin rays, 8-12 anal fin
rays, 9-10 pelvic fin rays, and 11-17 pectora fin rays. The caudal fin is forked. Scales are small, with
18-35 rows above the lateral line and 14-29 below. The 100-160 lateral line scales are pored.

Smaller fishes (25-35 cm) returning later in the summer and in early fall (usualy from late August
to early October) are among the steelhead referred to as “half-pounders.” These are usually immature fish
that have spent only a few months in the ocean and, if they survive their first upstream migration, will
return to the ocean in the spring and migrate upstream again as adults the next spring (Barnhart 1986).
Many “haf-pounders’ are not summer steehead, however.

Taxonomic Relationships: Summer steelhead get their name from their habit of ascending rivers in the
spring or, in more northern populations (Oregon-Alaska), in the summer (D. McEwan, pers. comm.).
They hold in deep pools in canyons through the summer and spawn in winter. Thus they are
distinguished from other steelhead by (1) time of migration (Roelofs 1983), (2) state of gonadal maturity
at migration (Shapovalov and Taft 1954), and (3) location of spawning (Everest 1973, Roelofs 1983).
Attempts to distinguish juvenile summer and winter steelhead and resident juvenile rainbow trout using
otolith nuclei widths, scale circuli densities, and visceral fat content have only been partialy successful
(Rybock et a. 1975; Winter 1987) primarily because of logistical difficulties in setting up rigidly
controlled experiments (Winter 1987). The temporal and spatial isolation of reproductive fish from other
stedlhead runs presumably serves to maintain their genetic integrity (Barnhart 1986). However, genetic
studies usually do not find consistent genetic differences between summer and winter steelhead in the
same drainage (e.g., Reisenbichler et a. 1992). The National Marine Fisheries Service in its proposed
rule to list as threatened steelhead in the Klamath Mountains Province of northern California and southern
Oregon considered both summer steelhead and winter stedhead to be part of the same Evolutionarily
Significant Unit (Federal Register 60(51):14253-14261, March 16, 1995). Whether or not summer
steelhead from the various drainages prove to be more closely related to winter steelhead within their
drainages than to each other, each population till represents a distinct life history phenomenon.

Until recently, steelhead were listed as Salmo gairdneri gairdneri. However, taxonomic work
shows that steelhead are closdly related to Pacific salmon (genus Oncorhynchus) and are conspecific with
Asiatic steelhead, Salmo mykiss. As a result, rainbow trout, including steelhead, are officially recognized
by the American Fisheries Society as Oncorhynchus mykiss (Smith and Stearly 1989). All steelhead and
nonmigratory coastal rainbow trout are usualy lumped together as O. m. gairdneri or, more recently
(Behnke 1992), O. m. irideus.
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Life History: Summer steelhead migrate up coastal streams and rivers during and soon after the final high
flows of April, and the migration continues through June (Puckett 1975, Jones 1980). The migration may
extend into July but then tapers off, presumably due, to decreasing flows and increasing temperatures
(Jones 1980). Because the largest populations are in the Eel River system and are being managed there
as a senditive species by the USFS, most available information is about this run.

In the E€l River system, summer steelhead migrate to the upper reaches of the Middle Fork Ed
and the Van Duzen rivers where they hold in deep pools during the summer months (Puckett 1975, Jones
1980). Easthouse (1985) reported a record number of 280 fish in a single poal in the Middle Fork E€l
River, but most pools contain fewer fish. Usually, there is no period of peak migration, as indicated by
the frequency of fish trapped in a weir on the Van Duzen River (Puckett 1975). In the Middle Fork Ed,
males dominate the early part of the run, with females migrating in greater numbers toward the latter part
(Smith and Elwell 1961). The gonads of the migrating fish are immature and do not begin to mature until
the fish have spent 8-10 months in freshwater (Roelofs 1983). Thus spawning occurs from late December
through April (Jones 1980), but the exact information on the duration, location, and extent of spawning
is unknown (Puckett 1975, Jones 1980, Rodofs 1983). Fecundity has been estimated at 2,000 to 3,000
eggs per femae.

In the Rogue River, Oregon, summer steelhead spawn in small headwater streams with relatively
low (<50 cfs) winter flows (Roelofs 1983). Most of these streams are intermittent and dry up in the
summer. If spawning behavior is similar in California, this indicates that (1) the adults move into smaller
tributary/headwater streams for spawning and (2) the fry move out of the smaller natal streams into larger
tributaries soon after emerging. In the Rogue River tributaries, spawning began in late December, peaked
in late January, and tapered off by March. Roelofs (1983) suggested that use of small streams for
spawning may reduce egg and juvenile mortality because the eggs are less susceptible to scouring by high
flows and predation on juveniles by adults is decreased due to lower spawning adult densities in smaller
streams.

Scale analyses indicate that summer steelhead migrate to sea when 1-3 years old (Puckett 1975).
Of these, the mgjority smolt at 2 years (79%), some at 3 years (17%), and very few at 1 year (4%). Most
return at age 3 (46%) or age 4 (44%) and smaller proportions return at age 2 (1%) and at age 5 (9%)
(Puckett 1975). About 9 percent of the returning fish are repeat spawners (Jones 1980). In some northern
Cdlifornia and southern Oregon rivers, some summer steelhead spend only a few months in the ocean and
return to freshwater to overwinter; they then migrate back to the ocean in the spring. These immature
fish (usualy weighing about one-half pound) are caled “half-pounders’ (Emmett et a. 1991). Anaysis
of scales collected from adult summer steelhead in tributaries to the mainstem Klamath River reveal that
virtualy al have a haf-pounder life history (E. Gerstung, pers. comm.).

Smaller fry usualy migrate passively during the night and larger fry actively move out by day
(Roelofs 1983). Migrating adults seldom feed, and stomachs examined are mostly empty or contain only
a few aguatic insect larvae (Puckett 1975). Studies of hatchery-reared summer steelhead in British
Columbia also suggest that they feed little, if at al, during the summer (Smith 1960).

Habitat Requirements. Steelhead habitat requirements have been reviewed in Barnhart (1986). Water
depth does not seem to be critical to migrating fish because they usually migrate when stream flows are
high, but a minimum depth of 18 cm is required. Water velocities greater than 3-4 m sec’ may impede
their upstream progress. They spawn in cool, clear, well-oxygenated streams. Water velocity and depth
measured at redds are 23-155 cm sec”’ and 10-150 cm, respectively, and diameters of the gravels are
typicaly 0.64-13 cm. They are known to spawn in intermittent streams, but the juveniles emigrate into
perennial streams soon after hatching (Everest 1973).  Summer water temperatures where they are found
range from 10-15°C, with a sustained upper limit of 20°C but optimum requirements vary with season
and life stage. Under conditions of fluctuating temperatures, summer steelhead may withstand temperatures
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as high as 27°C for short periods of time (M. Morford, pers. comm.). Dissolved oxygen requirements for
spawning anadromous fish generally should be at least 80 percent of saturation, with temporary levels not
less than 5.0 mg 1™ (Reiser and Bjornn 1979).

A survey of the Edl River drainage indicated that the best steelhead spawning gravels are located
at Bam of Gilead Creek, North Fork of the Middle Fork Edl River, and in the Middle Fork from Hoxie
Crossing to the North Fork of Middle Fork (Jones 1980). Redds have been observed in the Middle Fork
approximately 0.5 km below the North Fork (Jones 1980). Migrating fish require deep (>3 m) holding
pools (Puckett 1976, Roelofs 1983), with cover such as underwater ledges, caverns and bubble curtains
which they seek when disturbed (Puckett 1975, Roedlofs 1983).

Distribution: Along the eastern Pacific, rainbow trout, including steelhead, are distributed from Southern
Cdlifornia north to Alaska and west to Siberia (Sheppard 1972). In Cdifornia, summer steelhead runs
have been recorded from the Middle Fork Edl River, main ssem Ed River, Van Duzen River, Mad River,
North Fork Trinity River, New River (atributary to the Trinity), South Fork Trinity River, Canyon Creek
(in the Trinity River system), the Klamath River drainage (Dillon, Elk, Indian, Red Cap, Bluff, and Clear
creeks), Salmon River, Wooley Creek (atributary to the Salmon River), Redwood Creek and Smith River
(Puckett 1975, Rodlofs 1983). Up to 50% of California summer steelhead are concentrated in the Middle
Fork Ed River (Puckett 1975). Records indicate that runs also occurred in the North Fork E€l River,
Black Butte River, Woodum Creek, Larabee Creek and Mattole River. In the Middle Fork Ee River,
returning steelhead usually hold in deep pools between Bar and Uhl Creeks during the summer and fall
(Jones 1980). However, the locations of the holding areas vary depending on accessibility, water
temperatures, and water flows (Easthouse 1985).

Abundance: We know little about the past abundance of these fish; quantitative records of summer
steelhead numbers exist only for the recent two or three decades (Roelofs 1983). Given the habitat
available, however, it is likely that summer steelhead in California today represent only a small fraction
of their original numbers. Native Americans depended on summer steelhead for subsistence, and they
were frequently harvested and preserved in the fall of the year in conjunction with the harvest of big
game. For example, large numbers of summer steelhead occurred in the North Fork E€l River just
downstream from the confluence of Hulls Creek. Native Americans from the Covelo Indian Reservation
as recently as in the early 1960s travelled annually to this area to harvest deer and fish and preserve. their
catches on the spot (M. Morford, pers. comm.).

In most river systems in which they occur, summer steelhead have declined considerably in the
past 30 to 40 years. Most populations in California are represented by less than 100 fish each (Table 6).
The three-year average population estimate for 1989-1991 exceeded 500 fish in only three streams.
Middle Fork E€l River, North Fork Trinity River, and New River. Seventeen populations averaged <100
fish each, and 12 populations averaged <20 fish each. Because the “effective’ (breeding) population sizes
(sensu Meffe 1986) are probably less than the actual counts, many populations may be close to or below
the minimum size needed for long-term survival. These estimates are of fish holding in pools in
midsummer, and the number surviving to spawn in the winter probably is considerably less. Most of the
populations were severely affected by the extraordinary floods of 1964. Although their habitat is
gradually recovering from this disaster, the number of summer steelhead has fluctuated widely without
any upward trends. The status of each major population is a follows;

Smith River. Only 10-20 fish are estimated to occur in each of five tributaries in recent years,

less than 100 fish total, but this stream may never have supported summer steelhead in large numbers
(Roelof s 1983).
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Ed River. Summer steelhead remain in two tributaries, the Van Duzen River and the Middle Fork
Ed River. The former run is less than 100 fish per year. The Middle Fork run is the largest in California
and is estimated to be between 400-1,700 fish per year. Recent counts have been at the low end of this
range, likely due to the prolonged drought. Poaching that occurs after the annual surveys have been
completed in the summer may result in even lower numbers in the reproductive population.

Mad River. In the 1940s and early 1950s, Shapovalov and Taft (1954) indicated that 600-700
summer steelhead used this river each year. Present counts are highly variable, but in most years the
estimates are less than 100 fish. These populations may be derived from hatchery fish from Washington
or from hybrids between native and hatchery stock. The native fish were severely depleted and perhaps
eliminated in the 1960s by poaching, especialy at the Sweasy Dam fish ladder.

Mainstem Trinity River. Moffett and Smith (1950) indicate that summer steelhead were common
in the upper mainstem Trinity River in the 1940s. This population apparently persisted through the early
1960s but is probably now extirpated (B. Curtis, 1992, CDFG files), presumably due to the effects of
Trinity and Lewiston dams.

North Fork Trinity River. There is little historical information on summer steelhead in this
stream, but recent data indicate that the population flucuates between 200 and 700 fish per year. Given
that this stream has been heavily altered by mining, it is likely that runs were much higher in the past
(Roelofs 1983).

South Fork Trinity River. There is no historical information on summer steelhead in this stream.
Present estimates are now less than 70 fish per year.

New River. This tributary to the Trinity River was presumably a magjor summer steelhead stream
in the past, but it is highly accessible and heavily dredged for gold. The estimate in 1992 was 359 fish,
compared with the 1979-1991 average of 380.

Klamath River. Summer steelhead are known from six small tributaries, most with populations
of less than 100 fish. About half of the 800-1,200 fish usually found in these streams are found in the
inaccessible portions of Clear and Dillon creeks (Rodofs 1983). Runs were very low during 1992,
perhaps because of unusually high summer water temperatures, in the mainstem river (E. Gerstung, pers.
comm.).

Sdmon River. Despite the presence of suitable spawning and holding areas, the two forks of the
Salmon River combined now only support less than 100 fish per year. The 1990 complete census of the
Salmon River showed 48 summer stedhead (DesLaurier and West 1990).

Wooley Creek. Like the Samon River, to which Wooley Creek is tributary, this rather
inaccessible stream has maintained a run of steelhead that is usually 100-300 fish per year. However, in
1991 through 1993, the run was less than 50 fish per year (R. Elliott, pers. comm.).

Redwood Creek. It has only recently been recognized that this small coastal drainage supports
summer steelhead with runs of 4-44 fish per year. Given the degraded nature of much of the drainage,
it probably supported larger runs in the past.

In short, California now supports 1,500 to 4,000 summer steelhead. These fish are divided among
at least 25 isolated populations, many on the verge of extinction.

Nature and Degree of Threat: Summer steelhead populations have declined from a combination of factors
including habitat loss, overharvest, disturbance, and effects of hatchery practices.

Habitat loss. Poor watershed management (poorly designed roads, poor logging practices) has
increased erosion, causing deep pools to fill with gravel which decreases the amount of holding habitat
and increases the vulnerability of the fish to poachers and predators. Such practices may aso decrease
summer flows, raising water temperatures to levels that may be stressful or even lethal to the fish. Poor
watershed management probably exacerbated the effects of the 1964 floods in amost all drainages
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containing summer steelhead. These floods deposited in pools enormous amounts of gravel that originated
from landdides and mass wasting, especidly from areas with steep slopes that had been logged. These
floods not only filled in pools, but widened stream beds and eliminated riparian vegetation that served as
cover and kept streams cooler. The gravel accumulated from the 1964 floods is gradualy being scoured
out of the poals, but much of it still remains. The potentia for further mass wasting along the Eel and
Trinity rivers is high, because logging is till occurring on steep dopes and recent fires may be
contributing to soil instability (increased by road building for salvage logging). In short, accumulation
of gravel in stream beds in recent years has reduced the amount of suitable habitat for summer steelhead.

One indirect effect of habitat loss is an increased vulnerability of the remaining fish to predation.
For example, as adult populations are reduced and habitat becomes more restricted, it is more difficult
for them to withstand the effects of natural predation, particularly that of river otters. Otter predation on
summer steelhead is heaviest when populations of suckers and crayfish, the preferred food of otters, are
low, such as occurred in the Middle Fork E€l River following the 1964 flood (A. E. Naylor, pers. comm.).
The impact of otters on summer steehead therefore probably varies from year to year, but could be serious
during years when steelhead numbers are aready low from other causes.

During low-flow years, outmigrating juveniles may suffer heavy mortality when moving
downstream, especialy if trapped in pools that have become too shallow and warm for them in summer
as the result of gravel deposition. In some streams, water diversions may reduce flows in natural water
courses such that those former habitats are dmost or completely drained. Unscreened diversions may
directly transport young steelhead to unsuitable areas. In the Ed River, squawfish (Ptychocheilus grandis)
predation on outmigrating juveniles in pools with little cover may be a growing problem. This predatory
cyprinid was illegally introduced into the river around 1980 and is building up populations at the present
time (L. Brown and P. Moyle, unpub. data).

Overharvest. Perhaps the most immediate threat to summer steelhead is poaching during the
summer in the canyon pools. The steelhead are unusually vulnerable at this time because they are
conspicuous, aggregate in pools, and are prevented from leaving pools by low stream flow. They can thus
be snagged from the bank or speared by divers. For example, CDFG biologist D. McCleod has observed
poaching on the Van Duzen River population; in a closed-to-fishing section on private land, far from
public access, he found the viscera of severa large steelhead in one pool. Roelofs (1983) indicated that
the most stable populations of summer steelhead are in the most inaccessible streams on public land,
whereas those that are showing signs of severe decline are in areas that are most accessible to people.

The most severe immediate threat by poaching is to the population in the Middle Fork of the Edl
River, which constitutes one-quarter to one-half the summer steelhead in California. Counts indicated the
population to be 449 fish in 1990 (Table 6) and 516 fish in 1992 (D. McEwan, pers. comm.), two of the
lowest counts in recent years. The area was for several years without the protection of a game warden
or other law enforcement officials, and there were reports of extensive poaching of fish in late summer
of 1988 after the counts for that summer had been completed (M. Morford, pers. comm.). An attempt
to briefly resurvey part of the area in which fish had been counted earlier revealed no fish (W. Jones,
pers. comm.). As of 1989, however, a game warden has been assigned to patrol the Middle Fork Eel
River drainage (A. E. Naylor, pers. comm.). Poaching may aso be occurring in other populations of
summer steelhead, but they are monitored less closdly than the Middle Fork Ed population. Roelofs
(1983) indicated that poaching is a factor affecting populations of summer steelhead in at least the North
Fork of the Trinity, New River, and some tributaries to the Klamath River. The South Fork of the Trinity
is dso heavily poached (P. Higgins, pers. comm.). In addition to poaching, adults may be lost in other
fisheries:

73



-- They may be taken legaly by anglers as they move upstream towards their holding pools, during the
spring.

-- The unrestricted high seas gillnet fishery for squid and other species may have been killing steelhead
from Cdlifornia streams. The impact of marine fisheries on steelhead in generd is poorly known,
but such fisheries may be a source of ocean mortality.

-- The gillnet fishery of Native Americans in the Klamath River may be having an adverse impact on
summer steelhead populations in that river, athough the large mesh size used probably allows
most steelhead to pass safely (A. E. Naylor, pers. comm.).

Disturbance. Even where habitats are apparently suitable, summer steelhead may be absent
because of continuous disturbance by humans. Heavy use of a stream by gold dredgers, swimmers, and
rafters may stress the fish. This may make them less able to survive natura periods of stress (e.g., high
temperatures), less able to spawn or to survive spawning, and more likely to move to less favorable
habitats. Because disturbance makes the fish move around more, they are aso more likely to be observed
and captured by illega anglers.

Hatchery practices. Hatchery-reared steelhead, especialy those of exotic strains, can have adverse
effects on wild fish. For example, summer steelhead in the Mad River Hatchery are derived from fish
brought in from the Washougel River in Washington in 1971 (Roelofs 1983). The effects of hatchery fish
on wild stocks of summer steelhead are not known, but wild stocks may be decreased through (1)
competition between hatchery and wild juveniles, (2) genetic swamping of small wild populations by large
populations of strays from hatcheries, and (3) increased harvest of wild fish because wild and hatchery
fish cannot be distinguished by anglers. Hatchery fish, especialy of nonnative origin, cannot be regarded
as replacements for wild fish because they are less likely to persist in the face of natural environmental
fluctuations to which native wild fish are well adapted.

Management: Comprehensive management recommendations have been made by Jones and Ekman
(1980) and Roelofs (1983). However, summer steelhead numbers have not increased in response to
management efforts. Present management focuses on allowing the populations to recover naturaly, to
the point where some harvest will be possible during their migratory period. In reality, summer steelhead
in California have suffered from benign neglect. At least one management program, that of the Middle
Fork Edl River, does provide for midsummer population counts and the review of some land management
activities that may threaten the continued existence of summer steelhead. However, factors that limit the
rebuilding of this population and other populations are not being addressed. For example, the Sierra Club
filed suit against the USFS regarding approva of the Ant Ridge timber sale, aleging potential impacts
to summer steelhead habitat in the Middle Fork Eel River. Management plans for & population need
to be formalized. Management should consist of a mixture of (1) better protection of summering areas
from poachers, (2) better watershed management to keep summer flows up and temperatures down, (3)
better regulation of adult harvest during the migrations, (4) better management of downstream reaches to
favor outmigrating smolts, (5) rebuilding of present populations through natural and artificial means,
including habitat improvement, (6) restoration of populations that have become extinct and (7) some
protection of adults and juveniles from predation.

The problem with poaching has been severe in recent years because of inadequate law
enforcement. Although fishing is prohibited in many areas and fines for violations are high, protection
of summer steelhead populations may require special guards or streamkeepers for a number of years.
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Where populations are exceptionally low, some relocation of natural predators, mainly otters, may be
necessary until steelhead populations are large enough to withstand natural predation.

Improvement of summer steelhead habitat has not been a priority program for the CDFG, although
reduction in summer carryover habitat has been repeatedly identified as a critical limiting factor. The
initiation of habitat improvement projects in recent years (1988-1990; CDFG 1990b) is an ambitious step
in the right direction and should receive continued funding and encouragement.

There is also a considerable need for research on summer steelhead populations in California,
especially to (1) determine the genetic identities of each population, (2) determine the extent of possible
summer holding aress, (3) determine the distribution of spawning areas and whether they may require
specia protection, (4) determine the habitat requirements of out-migrating smolts, and (5) determine the
effects of gold dredging and disturbance from recreation on adults. For most populations, there is a need
to accurately determine the populations and to identify the factors that limit their numbers.
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TABLE 6. Summer Steelhead Populations in Northern Callfomla Streams 1977 - 1992'. Data prov1ded by E. Gerstung, Calif. Dept. of Fish and Game.
Data are preliminary, subject to revision.

YEAR 1992 1991 1990 1989 1988 - 1987 1986 1985
Middle Fork Eel River 516 691 449 726 711 1550 1000 1463
Van Duzen River 0+6hp 31(38) 4(5) 4(5) 42(49) 52(54) NS NS
S. Fork Trinity River 29 9(43) 66 37 30 NS 73(100) 3(20)
Hayfork Creek NS 0 NS NS NS NS NS NS
N. Fork Trinity River 369 825-1037 554 347(600) 624 36(300) NS 57(112)
Canyon Creek 6 3 15 NS 32 0 NS 10

_ Upper Trinity River NS 13 8 16 9 6 9 5
New River 272+87hp 500-600 T 343 600 204(350) (300) NS NS
Blue Creek NS NS 1 0 NS NS NS NS
Bluff Creek 23+85hp 9 14 14 33 59 73 6

(late run) (both runs) 40 77 44 40 41 17
Red Cap Creek 6+18hp 2 ' 7 23(33) 25(35) 29(40) NS 18
Camp Creek 0 3 7 0 1 0 NS
Dillon Creek NS 88 74 294(320) 38(60) - 77 NS NS
Clear Creek 47+78hp 76 91 920 678(700) 512 428(458) 162(222)
Indian Creek 27 8 12 154 41 NS NS NS
Elk Creek 22+101hp 76 31 150(188) 63 31 NS NS
Salmon River ' 24 21 15 13 128 ) NS NS NS
N. Fork Salmon River 16 17 12 17 8(32) 4(19) 6(28) 837N
S. Fork Salmon River 59 26 21 11(66) 155(200) - 20(84) 13(78) 9(54)
Wooley Creek 17+21hp 25 73(76) 234(244) 379(481) 280(291) NS 290(307)
S. Fork Smith River 8+3hp 13 8(10) 4(6) 12(16) NS NS NS
N. Fork Smith River NS 0 NS NS NS NS NS NS -
Middle Fork Smith River 13+21hp 11 21 1 2 NS NS NS
Mad River 34 66(76) 3347 20(28) 60(85) 18(22) 1525) 52(71)

Redwood Creek 5 15 14 -0 8 15 19 44
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YEAR 1984 1983 1982 1981 1980 1979 1978 1977

" Middle Fork Eel River 1524 666 1051 1600 1052 1298 377 654
Van Duzen River 58 13(16) 8 7(8) 25 31
S. Fork Trinity River 8(30) NS 26 NS NS 5
Hayfork Creek NS 5 0 NS 0 0
N. Fork Trinity River 179 160 193(210) 219 456 3200 200(300) NS
Canyon Creek 20 3 20 3 6
Upper Trinity River 9 NS 2 3 1 1 1
New River 335(340) NS 114(300) 236(250) 320(355) 344(360) ‘
Blue Creek NS 0 0 NS 4 3 3
Bluff Creek 26 11 37 16 17 41
(late run) 22 12 57 41 20
Red Cap Creek - 10 12 45 NS 10
Camp Creek o 0 NS NS NS 2
Dillon Creek (200) 300(500) 295 194 236(268)
Clear Creek ’ 156(167) 257(275) 610 270(300) 241(251) 79(110) 1810(1882) NS
Indian Creek NS NS 15(17) NS ‘ 1M NS 421
Elk Creek 58 . NS ; 249 47 90 NS 408
Salmon River NS NS 120 NS 36
N. Fork Salmon River NS NS 41 13(60) 69
S. Fork Salmon River NS NS 223 10(60) 166
Wooley Creek 92(96) 78 353 245(269) 165(177) 160(206) 105(135)  510(658)
S. Fork Smith River NS NS 5(7) 03)
N. Fork Smith River NS NS 2 NS 0 NS 1
Middle Fork Smith River NS NS 2 NS
Mad River 134(188) 31(40) 167 6(50) 2(16)
Redwood Creek 44 7 3 16 '

'Estimates in parentheses were obtained by expanding data to unsurveyed sections; data collected on diving surveys. NS = No Survey. hp = half-pounders. Additional
data for earlier years follow. Middle Fork Eel River (years in parentheses): 792 (1976), 11149 (1975), 1522 (1974), 1422 (1973), 200-1500 (before 1972). Van Duzen
River: 90-300 (before 1972). N. Fork Trinity River: 28(42) for 1976. Upper Trinity River: 21-128 (before 1972). Clear Creek: 224 (1975), 116 (1972). Wooley
Creek: 124 (172) for 1975, 45 (50) for 1972. Mad River: 15 (30) for 1974, 2 for 1972, 100-500 prior to 1972.
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FIGURE 12. Spawning streams of summer steethead trout, Oncorhynchus mykiss irideus, in California.
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SOUTHERN STEELHEAD
Oncorhynchus mykiss irideus (Richar dson)

Status. Class 1. Endangered.

Description: Steelhead are sea-run rainbow trout that have large mouths with well-developed teeth on
both upper and lower jaws, the head and shaft of the vomer, the paatines, and on the tongue.
Basibranchia teeth are absent. Gill rakers number 16-22 and branchiostegal rays, 9-13. There are 10-12
dorsal fin rays, 8-12 ana fin rays, 9-10 pelvic fin rays, and 11-17 pectora fin rays. The caudal fin is
forked. Scales are small, with 18-35 rows above the lateral line and 14-29 below. The 100-160 lateral
line scales are pored. Southern steelhead have been reputed to attain a large size, up to 9 kg or more
(Hubbs 1946, Titus and Erman, unpubl. ms.), comparable to sizes attained by northern winter-run
steelhead in some north coast streams of Cdlifornia (E. Gerstung, pers. comm.).

Taxonomic Relationships: Southern steelhead are winter-run steelhead that persist in streams that have
warm, dry lower reaches on the coastal plain, which present substantial migration passage problems to
and from distant headwater spawning and rearing habitats. Their occurrence in such a demanding
environment suggests the development of distinctive ecological and physiological adaptations. According
to J. J. Smith (CSU, San Jose), river basins with southern steelhead are also drier, resulting in exaggerated
effects of year to year rainfall variation, Most streams from San Luis Obispo County southward are
definitely “southern steelhead streams’, and the Pgjaro, Salinas, and Carmd rivers in Monterey County
are ecologically similar. The wetter coastal streams between the Carmel River and SLO County are
ecologically more like steelhead streams in northern California (J. Smith, pers. comm.). This broad
ecological definition of southern steelhead is the one used by Titus et a. (in press) in their monograph
on the status of steelhead in California south of San Francisco Bay.

A narrower definition of southern steelhead is emerging from ongoing genetic studies which are
helping to define “metapopulations” within the general ecological type described above. Genetic
groupings may conform to the concept of an evolutionary significant unit of the biological species (sensu
Waples 1991). Both alozyme studies (Berg and Gall 1988) and mitochondrial DNA studies (J. Nielsen,
pers. comm.) indicate that a north to south gradient of genetic characteristics occurs along the California
coast. However, the mtDNA studies also indicate that steelhead populations found south of Point
Conception may form a distinct genetic unit (J. Nielsen, Abstract, Amer. Fish. Soc. meeting, July 26-29,
1993, Sacramento). Because Point Conception is aso a major zoogeographic boundary for marine
organisms, the mtDNA studies may mean that steelhead entering streams south of this point probably do
not intermingle much in the ocean with fish from more northern localities.

Until the mtDNA and other genetic studies are completed, we prefer to use the broader ecological
definition for southern steelhead, recognizing that southern steelhead are probably severa distinct stocks.
However, dl these stocks are in decline and need specia protection to preclude extinction.

Life History: Southern steelhead have received little study, although the life-history characteristics of
steelhead in genera are well known (Emmett et al. 1991). Winter steelhead in California typicaly spawn
from December to May, but mostly in January-March (E. Gerstung, pers. comm.), and spent fish may
return to the ocean and spawn again in a later year. The frequency of repeat spawning varies according
to the stock and with habitat quality (Emmett et al. 1991), and it is not known if repeat spawning is
common among southern steelhead. Juvenile steelhead remain in fresh water 1-4 years (usualy 1-3 in
Cdifornia) and then spend 1-5 years (usuadly 2-3 in California) in the ocean (Emmett et a. 1991, E.
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Gerstung, pers. comm.). Southern steelhead, however, probably spend less time in fresh water because
of the often inhospitable conditions in the lower reaches of southern California streams, they may,
therefore, migrate to the ocean or have greater dependence on coastal lagoons during their first year (E.
Gerstung, memorandum to R. Rawstron, CDFG, November 22, 1989). Early emigration may also occur
because of rapid growth in the warm, productive streams, alowing the juveniles to reach smolt size at a
younger age. Because of frequent drought in southern California, the streams may be inaccessible during
some years so that adult steelhead are forced to spend additiona years in the ocean before having a
chance to spawn. The increased growing time in the ocean, plus richer food sources in southern coastal
waters due to the reduction of marine mammals there, might account for the large size (9+ kg) evidently
attained by steelhead in some southern California streams (e.g., the Santa Ynez River); these fish may
have been 5-6 years old, compared to the typical 4-year old spawners (E. Gerstung, memorandum to R.
Rawstron, CDFG, November 22, 1989). However, during wet years a high percentage of the southern
steelhead returning to spawn have spent only one year in the ocean, indicating that a bet-hedging strategy
of attempting to spawn every year is adaptive in this unpredictable environment (J. Smith, pers. comm.).
Despite the intermittent nature of southern California streams, steelhead production during wet years was
probably higher in these streams than in northern California streams because of greater biological
productivity and more favorable growing temperatures (E. Gerstung, pers. comm.)

The ahility of some southern steelhead to survive in warm (>21°C) isolated pools (Higgins 1991)
possibly is due to greater physiological tolerances to higher temperatures and lower oxygen levels than
are shown by other steelhead stocks. However, the relative physiological capabilities, and their possible
genetic basis, of southern steelhead have not been studied. Although juvenile steelhead in the Columbia
River (Oregon-Washington) spend little time in that estuary (Dawley et a. 1986, Emmett et al. 1991),
juvenile steelhead in central California streams evidently do spend considerable time rearing in estuaries
(Smith 1987, 1990). It has been surmised that steelhead in southern California aso rely heavily on
estuaries, because many of their streams seasonally had very low flows or dried completely in the aluvia
fan areas (Higgins 1991). In addition, athough many lowland stream areas were perennial, they also may
have dried out during the driest years (C. Swift, pers. comm.). Evidently large numbers of juvenile
southern steelhead often could be caught in coastal lagoons in the 1930s and earlier (Swift et a. 1993).
Most of the estuaries today are much shallower and warmer than they were originaly. A particularly
severe problem is the lack of adequate inflowing fresh water, which keeps lagoons cool, deep, and
thermally unstratified (J. Smith, pers. comm.).

Steelhead in general are known to have well-developed homing abilities (Moyle 1976), athough it
has been suggested that southern steelhead commonly stray from their natal streams (Higgins 1991).
Straying, if it actually occurs at significant levels in southern steelhead, may be selectively advantageous
because it would alow spawners to opportunistically utilize more favorable streams when their natal
streams dried up or were blocked by sand berms (Higgins 1991). An additiona feature of southern
steelhead is that they “miraculoudly” reappeared in large spawning runs when flows became suitable in
streams that had been dry or otherwise inaccessible during the previous one or more years. The
implication is that the fish, finding their natal stream unavailable during a given year, return the following
year(s) until access can be gained.

Habitat Requirements. The basic environmenta requirements for southern steelhead probably are similar
to those of more northern steelhead stocks, athough it is likely that southern steelhead have greater
physiological tolerances to the warmer and more variable conditions they commonly encounter in southern
Cdlifornia streams (Higgins 1991). Major streams in southern California originate in the coastal
mountains and often cross broad dluvia areas before flowing into the sea. These low-elevation aluvia
flats present inhospitably warm and fluctuating temperatures and the streams themselves may be
intermittent. The higher-elevation headwaters, therefore, are the primary spawning and rearing areas for
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steelhead today, athough lowland reaches once may have been important, especialy in wet years. Itis
likely that the largest steelhead populations historically occurred in streams where the upstream spawning
and rearing habitats were closest to the ocean, such as in the Ventura, Santa Clara and Santa Y nez rivers
(M. Cappdlli, in USFWS 1991).

San Mateo Creek, a former steelhead stream, typifies the southern California streams (Higgins 1991,
Woefel 1991). Its headwaters lie in the Santa Ana and Santa Margarita mountains, where winter
temperatures can drop below freezing and annua rainfall averages about 63 cm near Elsinore Peak. The
creek descends the mountains through a deeply cut canyon. The steep and rocky upper San Mateo Creek
and its tributaries contain pools that harbored juvenile steelhead during, the summer, while the depositiona
areas in the canyon probably served as the spawning areas. Flows in the upper reaches may be as low
as 0.5 cfs during the summer and can average over 500 cfs during wet months. The lower reach of the
creek flows along 17 km of alluvial valley to the coast, where average rainfall is 34 cm per year. Large
quantities of natural sediment deposition evidently have rendered the lower stream course unstable and
unsuitable for spawning. During the dry season, the creek went underground even in times prior to
human-related water losses, thus presenting a temporally impassable barrier to steelhead. This stretch of
the creek now is permanently dry, due to the lowered water table. The creek reemerges about 8.4 km
from the ocean to mark the upper end of the estuary. The estuary has been substantially diminished in
extent since the end of World War Il (Higgins 1991). Originally the native riparian vegetation along the
coastal reach of the creek probably was dominated by arroyo, red, and yellow willows, but introduced
tamarisk recently has been replacing the native species. In the upper reaches, the dominant riparian plants
are poison oak, wild grape, and wild rose. The terrain around the creek near the coast is covered with
grasses and coastal scrub, southern oak and woodland higher up, and chaparral on the mountain slopes,
all of which are subject to tire. Periodic fires and subsequent erosion may be an integral feature of this
environment, posing particularly challenging conditions to the steelhead of these southern streams.

Distribution: Swift et a. (1993) state that at least a few southern steelhead have been found in virtualy
every coastal stream in Monterey, San Luis Obispo and Santa Barbara counties north of Point Conception
within the last ten years. Southern steelhead evidently once utilized most of the major coastal streams
in southern California as well. Today they till occur in Malibu Creek, Ventura River, Santa Clara River,
and Santa Y nez River, athough in greatly reduced numbers. Swift et a. (1993) aso report recent records
for Mission and Atascadero creeks (Santa Barbara County) and Mulholland, Big Sycamore, and Topanga
canyons (Los Angeles County). Steelhead have been extirpated from at least 11 southern California
streams; San Luis Rey River, San Mateo Creek, Santa Margarita River, Rincon Creek, Maria Y gnacio
River, Los Angeles River, San Gabriel River, Santa Ana River, San Onofre Creek, San Juan Creek, San
Diego River, and Sweetwater River (Nehlson et al. 1991, Swift et a. 1993). Steelhead have been caught
in the lower Tijuana River, bordering Mexico (Hubbs 1946), and runs are known to have occurred
historically in Bagja Cdifornia streams (Barnhart 1986). Southern steelhead historically may have occupied
as much as 15% of the winter steelhead range in California, but the present distribution in southern
California has been reduced to perhaps 1% of the stream miles they formerly inhabited (E. Gerstung,
memorandum to R. Rawstron, CDFG, November 22, 1989).

Abundance: Southern steelhead have been ether significantly depleted or extirpated in al rivers and
streams in which they historically occurred. Estimates of historical run sizes are highly subjective and
probably correct only within an order of magnitude (USFWS 1991). They nonetheless attest to the
substantially higher numbers of southern steelhead that once existed. Past runs have been estimated at
7,000-9,000 fish in the Santa Clara River, 4,000-6,000 for Matilija Creek (a tributary to the Ventura
River), and 20,000 for the Santa Ynez River (USFWS 1991). In 1940, CDFG personnel “rescued more
than 525,000 young steelhead trout . . . from the drying Santa Ynez River” (Shapovalov 1940). CDFG
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rescue operations also saved 9,800 juveniles from isolated pools in the lower San Mateo Creek in 1939,
and the Department proposed at that time that a recreational fishery be promulgated in this highly
productive stream (Higgins 1991).

There have been no comprehensive surveys conducted in recent years to provide a reliable estimate
of total population size for southern steelhead. The current number of steelhead using southern California
streams south of Point Conception is unknown, but judging from recent accounts they probably number
in the several hundreds, an indisputable severe decline from historical levels. There are at most only three
or four streams and rivers that presently support significant remnants of southern steelhead runs. The
largest extant stock probably occurs in the Santa Ynez River, where “a substantia number” were
reportedly taken by anglers in 1993 (F. Reynolds, CDFG memorandum to B. Bolster, October 13, 1993).
Another stock occurs in the Ventura River, aided by the preservation efforts of local citizens groups. In
May 1991, 14-25 adult steelhead were observed in the upper estuary of the Ventura River (R. Leidy, EPA,
memorandum to B. Harper, USFWS, May 8, 1991), but no steelhead were reported in 1992 and only one
pair was reported in 1993 (F. Reynolds, ibid.). An annual run numbering up to 60 spawners in some
years has persisted in Malibu Creek (USFWS 1991); this is the southernmost self-sustaining run of
southern steelhead. Consistent stream flows in Malibu Creek have been maintained since the late 1960s,
aided in the 1980s by influx from the Tapia Water Reclamation Facility. It has been suggested that the
perennia flows may have attracted remnants of southern steelhead runs that have been extirpated from
other streams, and therefore Malibu Creek could be a valuable “genetic repository of locally adapted
steelhead” (Higgins 1991). A fourth remaining stock may exist in the Santa Clara River drainage, mainly
in Sespe Creek (within the National Condor Sanctuary), which till contains considerable steelhead habitat,
and perhaps Santa Paula Creek. Adult steelhead were observed in Santa Paula Creek in March 1987 and
1988 (B. Harper, unpubl. data), but none were found in March 1991 or in January 1992 (S. Parmenter,
pers. comm.; D. McEwan, CDFG memorandum, March 26, 1992). Other streams that have had at least
a few steelhead when flows were sufficiently high are Santa Rosa Creek (San Luis Obispo County),
Arroyo de La Cruz (near San Simeon), San Simeon Creek, San Luis Obispo Creek and Gaviota Creek
(USFWS 1991). It is not known if any of these runs are self-sustaining:

In terms of the stream habitat presently utilized, southern steelhead occur in about 16 km of the
Ventura River, 5 km of Malibu Creek, 16 km of the Santa Ynez River, and, if they still occur there,
within 80 km of suitable habitat in Sespe Creek (E. Gerstung, pers. comm.). The once large steelhead
runs in San Mateo Creek and Santa Margarita River have been completely eliminated (Higgins 1991).
Other now extirpated runs occurred in the San Luis Rey, San Diego, and San Dieguito rivers, and San
Onofre Creek (all in San Diego County), Santa Ana River and San Juan Creek (Orange County), San
Gabriel River (Los Angeles County), Sisquoc River (Santa Barbara County) and the Cuyama River
(USFWS 1991). A detailed stream-by-stream account of southern steelhead distribution and abundance
is currently being completed by R. Titus, W. Snider (CDFG) and D. Erman (UCD).

Nature and Degree of Threat: Habitat loss, including loss of water flows, and the failure to protect the
runs due to inadequate regulatory measures have been the major, or at least the most conspicuous, causes
of the decline of southern Cdifornia steelhead. In the Santa Clara River drainage, for example, a
diversion dam in the lower river blocked migration of adults and juvenile steelhead and diverted the fish
to percolation basins where they perished (Comstock 1992). Other dams in the upper watershed on Piru
and Castaic creeks blocked access to upstream areas and, because of flow changes, eliminated spawning
and rearing habitats below the dams. A diversion dam on Santa Paula Creek similarly blocked access of
steelhead to upstream habitats (Comstock 1992). Land development, dams, and degradation of southern
Cdlifornia estuaries have probably significantly decreased potential steelhead juvenile rearing areas. It
is unknown to what extent other factors affect southern steelhead populations. An early newspaper
account noted a high level of parasitic worm infestations in trout from San Mateo Creek (Santa Ana Daily
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Register 1916, cited by Higgins 1991); however, reliable studies on the impact of disease and parasites
on southern steelhead stocks are lacking.

Management: Preservation of southern steelhead will require (1) immediate protection and rebuilding of
existing runs and (2) reestablishment of runs in streams and rivers that historically were highly productive
(e.g., San Mateo and Matilija creeks). Pumping of groundwater and impoundments or diversions
associated with population expansion and land development will continue to be the major threat to stream
habitat and steelhead survival in southern California. Water removal from streams now containing
critically low numbers of steelhead should be restricted in order to leave minimum flows for fish in both
streams and lagoons. Rehabilitation of estuaries is also needed, although this will require better watershed
management to reduce the input of sediments and to increase freshwater inflows. The artificia breaching
of lagoons, such as Santa Clara lagoon, may pose a problem if large numbers of steelhead use the lagoons
as rearing habitat. The environmental impact of development projects, therefore, should be carefully
evaluated and appropriate mitigative measures incorporated.

Return water from sewage treatment plants may provide an important means by which to recharge
streams and groundwater. The effective allocation of recycled water could be instrumental in maintaining
and rebuilding steeelhead runs (e.g., the Tapia Treatment Plant on Malibu Creek and Lompoc treatment
facilities in the Santa Y nez drainage), Further studies are needed to determine the importance of southern
California estuaries as steelhead rearing habitat, and if appropriate, management measures for maintaining
and enhancing estuarine habitat will need to be clearly defined.

The reestablishment of southern steelhead in streams from which they were extirpated aso should
be eventually pursued. The feasibility of reintroduction and suggested plans of action are discussed in
detail by Higgins (1991) for San Mateo Creek and the Santa Margarita River. Removal of dams and other
obstructions that serve little current purpose (e.g., Matilija Dam in the Ventura River drainage) also should
be considered. Plans are underway to remove the now defunct Malibu (Rindge) Dam on Malibu Creek,
which will increase steelhead habitat from 4.0 stream km to at least 12.1 km (minutes to July 12, 1992
meeting for the Malibu Dam Steelhead Restoration Project, Las Virgenes Municipa Water District).
Construction of fish passage facilities across dams to allow steelhead access to additional spawning and
rearing habitat are critical to preservation and recovery efforts;, examples are the recently completed fish
pass for the Vern Freeman Diversion Dam on the lower Santa Clara River (Higgins 1991) and proposed
modification of a barrier to alow fish passage in Gaviota Creek (USFWS 1991).

Numerous, short coastal streams that arise in the coastal mountains (Transverse Range) of Santa
Barbara and Ventura counties may represent significant steelhead habitat. These streams generally have
perennial headwaters, often containing rainbow trout, and the streams connect with the ocean annually
during the rainy season. Although the potential carrying capacities of the individual streams are low, in
aggregate they could support a viable steelhead stock (S. Parmenter, pers. comm.). Resolution of fish
passage problems and restoration of steelhead runs in these streams, therefore, could be an effective way
of conserving southern steelhead genetic resources (S. Parmenter, pers. comm.).

In-depth physiological and genetic studies of southern steelhead are needed in order to (1) determine
the extent of their ecologica and genetic uniqueness and (2) to identify their current geographical
distribution relative to more northern strains.
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FIGURE 13. Distribution of southern steelhead, Oncorhynchus mykiss irideus.- Solid dots indicate
populations that show genetic (ntDNA) differences from northern winter steelhead stocks. Open circles
are populations that ecologically resemble southern steelhead.
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EAGLE LAKE RAINBOW TROUT
Oncorhynchus mykiss aquilarum (Snyder)lﬂ

Status; Class 1. Threatened.

Description: This subspecies is similar to other rainbow trout in gross morphology, but differs dightly
in meristic counts (Table 7) and in possessing 58 chromosomes rather than the 60 present in most other
rainbow trout (Busack et al. 1980).

TABLE 7. Meristic characteristics (mean + SD) of Eagle Lake and other western trout. (Modified from
Busak et al. 1980.)

Eagle Lake Rainbow Cutthroat Redband*

Character trout trout trout trout
Lateral series 138.3+1.47 135 166 162
Scale rows above lateral line 27.4+0.28 25 37 33
Gill rakers 19.2+0.25 19 24 16
Pyloric caeca 570+ 25 55 48 36
Branchiostegal rays 109+0.11 12 11 10
Pectora rays 14.3+0.14 15 14 13
Pelvic rays 10.0+0.06 10 9 9
Vertebrae 62.0+0.23 64 62 61

*McCloud River redband.

Taxonomic Relationships: Snyder (1917) described this trout as a subspecies of rainbow trout, Salmo
gairdneri aquilarum. However, Hubbs and Miller (1948) examined Snyder’s specimens and concluded that
Eagle Lake rainbow trout were derived from hybridization between native Lahontan cutthroat trout and
introduced rainbow trout, athough Miller (1950) later retracted the hybridization theory. Needham and
Gard (1959) then suggested that the Eagle Lake rainbow trout was descended from introduced or
immigrant rainbow trout from the Feather or Pit River drainages. Behnke (1965, 1972) proposed a
redband-rainbow hybrid origin, athough redband trout are now considered to be rainbow trout subspecies.
More recently, Busack et al. (1980), in an extensive electrophoretic, karyotypic, and meristic analysis,
found that even though the Eagle Lake trout is electrophoretically and meristically close to other rainbow
trout, its karyotype (of 58 chromosomes) is distinctive, suggesting that the Eagle Lake rainbow trout is
derived from immigration or unrecorded introduction of a rainbow trout with 58 chromosomes. Given
the distinctive morphology, ecology, and physiology of this form, it is highly unlikely that the Eagle Lake

" This account was greatly improved by comments from Paul Chappell, California Department of Fish
and Game.
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trout is derived from an introduction. It is possible that rainbow trout originaly gained entrance to the
Eagle Lake drainage via upper Pine Creek and an ancient connection with a headwater tributary of the
North Fork Feather River or Pit River (E. Gerstung, pers. comm.).

Life History: Eagle Lake trout are late maturing (at 3 years) and long-lived (up to 11 years), athough
trout older than 5 years are rare (McAfee 1966). Originaly, they presumably spent at least their first year
of life in Pine Creek, reaching 15-20 cm FL before entering the lake. They then grew to about 40 cm
in their second year (first year in the lake), 45 cm in the third, 54-55 cm in the fourth, and 60 cm in the
fifth year (McAfee 1966). The fish became mature in their third year, moving up Pine Creek to spawn
in response to high flows in March, April, or May. Mature females produce 2,500- 3,000 eggs.

The life history of these fish is now different from the original pattern because Pine Creek has
become unsuitable for spawning (see below). As the fish move up Pine Creek in the spring, they are
trapped by CDFG. The eggs and sperm are stripped from the fish for artificial spawning. The embryos
are then taken to Crysta Lake and Darrah Springs hatcheries where they are reared for 14-18 months for
stocking the lake. The fish are marked and planted at 30-40 cm FL (CDFG, unpubl. data). A total of
25,000 of these fish is planted in Pine Creek “estuary” so that spawners will home to the trap, while
another 25,000 are planted at the south end of the lake in November (P. Chappell, pers. comm.). These
marked “wild” fish are then trapped for spawning each year in Pine Creek. The marks are used to
eliminate sibling crosses (inbreeding) and to select for longer lived fish to compensate for longevity
reductions that may have been caused by past hatchery practices (R. Elliott, pers. comm.).

In addition to these “wild” fish, 150,000 “domestic” Eagle Lake trout are planted each year at the
south end of the lake, The “domestic” trout are derived from brood stock kept at the Mt. Shasta Hatchery
and are reared at Darrah Springs Hatchery. ‘Most of the fish derived from hatchery broodstock are planted
in the southern portion of the lake (generaly in April or May), where they survive better initialy and
contribute more to the lake fishery. They are not used for spawning even if trapped at Pine Creek.

The diet of the trout varies with age and season. Newly planted trout in their first year in the lake
feed mainly on zooplankton, including Daphnia spp. and Leptodora kindti, and on benthic invertebrates,
especialy leeches and amphipods. By August; most of the trout switch to feeding on young-of-year tui
chubs (King 1963, Moyle, unpubl. data).

Habitat Requirements. Eagle Lake trout spend most of their life in Eagle Lake, alarge (24 km long by
3-4 km wide), highly akaline (pH 8-9) lake. The lake consists of three basins, two of them averaging
5-6 m deep, the third averaging 10-20 m and reaching a depth of nearly 30 m. The shallow basins are
uniform limnologically, and water temperatures may exceed 20°C in the summer. The deegp basin
dratifies, so in late summer most of the trout are in the deeper, cooler water of this basin. Otherwise,
they are found throughout the lake.

Eagle Lake trout are stream spawners. They formerly migrated over 45 km upstream to spawn
in the shaded, gravelly upper reaches of Pine Creek. Young then spent their first year (perhaps two) in
the stream before moving into the lake during high run-off periods. During the summer, upper Pine Creek
isa“typical” spring-fed trout stream, flowing at 1-5 cfs through meadows and deep forest, with modest
gradients. Today, the degraded nature of Pine Creek and the high demand of the lake fishery requires
Eagle Lake trout be propagated in a fish hatchery. Barriers have been constructed to exclude spawners
from tributaries because flows are too short in duration for successful incubation and rearing, with the
exception of flows in Papoose Creek. Some spawning has aso been observed along gravelly shores of
the north end of the lake, but it is not known if such spawning results in any recruitment to the population
(P. Chappell, pers. comm.).
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Distribution: Eagle Lake rainbow trout are endemic to Eagle Lake, Lassen County. They have been
planted in numerous waters throughout California, where they are maintained from hatchery stocks
originating from trout captured at the Pine Creek Spawning Station and from domestic brood stock. The
trout have also been exported to other states and to Canada. It is unlikely that naturally reproducing
populations of genetically pure Eagle Lake trout are present in any of these planted waters.

Abundance: Naturally spawned Eagle Lake rainbow trout were once enormoudy abundant in the lake.
According to Purdy (1988), “In the spring months of the 1870s and 1880s, when trout were spawning,
huge quantities were being caught. It was not unusual to hear that wagon loads of trout, some weighing
as much as 600 pounds were being brought into Susanville where they were sold at local markets for
twenty-five cents a pound (p. 14).” This exploitation occurred at the same time as extensive logging in
the drainage, heavy grazing in the meadows, and the first construction of railroad grades across the
meadows and streams, al of which altered the stream channel.  Although commercia fishing for trout
was banned in California in 1917, the Eagle Lake trout populations remained low, presumably because
of the poor condition of Pine Creek (and probably Papoose Creek as well) and the establishment of
predatory largemouth bass and brown bullheads in the lake. During the 1930s lake levels dropped as the
result of diversion of water through the Bly Tunnel combined with prolonged drought during the 1930s,
which together reduced access of the trout to Pine Creek. Even with the return of wetter conditions, the
trout populations showed little sign of recovery. In 1950, one pair of trout was captured from Pine Creek
and about 2,000 fertilized eggs were taken to Crystal Springs Hatchery. The 600 trout that resulted were
used for brood stock (Purdy 1988). Regular trapping operations began in 1959, when 16 trout were
captured and spawned. In the next five years the numbers captured varied from 45 to 391 (McAfee
1966).

Currently, about 150,000 trout are planted in the lake each year of both domestic and wild
origin, supporting a major sport fishery for “trophy” trout. Hundreds of trout are trapped each year at the
mouth of Pine Creek. For example, in 1987 CDFG collected nearly 2.3 million eggs from the trapped fish
(Purdy 1988). There is probably little or no natural reproduction, because most of the fish captured by
anglers show signs of a year or more in a hatchery environment (mainly damaged or missing fins).

Nature and Degree of Threat: Threats to Eagle lake trout fall into five categories: habitat destruction,
hatchery rearing, overexploitation, disease and introduced species.

Habitat destruction. Historicaly, the greatest single factor threatening the Eagle Lake rainbow trout has
been the poor condition of the Pine Creek watershed. The biggest changes were the result of logging,
grazing, and railroad and road building. Besides deforesting large chunks of the watershed and creating
erosion-prone roads, logging activity in the region resulted in a railroad being built across the Pine Creek
drainage, restricting flow of the creek at one point and channelizing the streambed. This situation
worsened when State Highway 44 was built parallel to the railroad and forced the stream through several
culverts. The combination of culverts and channelized stream created a nearly impassible velocity barrier
for the trout. Grazing of livestock has been (and continues to be) a problem because livestock concentrate
around the stream. In the lower reaches of the stream (Pine Creek Valley, etc.) most of the riparian
vegetation is gone and the wet meadows have been so compacted that they have been largely converted
into dry flats dominated by sagebrush. As the result of all these activities acting on the stream for nearly
100 years, the lower creek has cut down into the former meadow 1-2 m and has become more intermittent
in flow during the summer, with flows diminishing rapidly in the spring. As a consequence, the stream
(especialy the key spawning and rearing areas around Stephens Meadow) is nearly inaccessible to
spawning adults and contains less habitat for juvenile fish. As noted below, many of these problems are
now being addressed by a multiagency Coordinated Resource Management (CRMP) group,
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Even the lake habitat for the trout is not completely secure. The Bly Tunnel continues to be a
threat to the lake. Although it was blocked off, it still discharges, through an eight inch pipe in the plug,
12 cfs of Eagle Lake water into Willow Creek for downstream water right holders., While some of the
water coming from the tunnel may be spring water, most of it is Eagle Lake water because chemically
it is nearly identical to Eagle Lake water (Moyle et a. 1991). This is important because the lake is less
likely to become severely alkaline in a prolonged drought if it has more water in it to start with.

Hatchery rearing. Eagle Lake trout are completely dependent on hatchery production for survival. If
CDFG had not begun trapping these fish in the 1950s, they would now be extinct. Prior to this, they
presumably persisted only because occasional wet years permitted access to upstream spawning areas
through degraded stream channels and because the fish were exceptionally long-lived. Even now,
occasiona fish manage to make it through the fish trap and spawn successfully in upstream areas during
wet years (Moyle, unpubl. data). The danger in the present program is that fish are gradualy being
selected for survival in the early life history stages in a hatchery environment, rather than in the wild.
Complete dependence on hatcheries for maintaining the species is undesirable because the surviva of the
species then becomes dependent on the vagaries of hatchery funding and management and to threats from
disease and genetic disorders. Fortunately, the present management program for Eagle Lake trout is
aimed at establishing a self-sustaining wild population again, athough hatchery production is regarded
as being a perpetual necessity in order to sustain the trophy fishery (P. Chappell, pers. comm.).

Disease. A continual threat to the survival of Eagle Lake trout is exotic diseases, either in the three trout
hatcheries or by introduction into the lake by hatchery-reared fish.

Introduced species. Many different species have been introduced into Eagle Lake in the past, but none
have persisted because of the lake's alkalinity. However, because of Eagle Lake's large size and
accessibility, it is likely that other species will be introduced illegally and eventually one may succeed,
altering the ecology of the lake. Ironically, introduced species are most likely to become a problem in
the lake if lake levels rise and akalinity decreases, as happened in the early 1900s, when largemouth bass
and brown bullhead became abundant in the lake. The only exotic species in the drainage now is brook
trout (Salvelinus fontinales), which are abundant in Pine Creek. Predation and competition by brook trout
in Pine Creek may prevent reestablishment of Eagle Lake trout, so a program to eliminate this exotic in
contemplated (P. Chappell, pers. comm.).

Management. The present hatchery and planting programs have been successful and should be continued.
There is presently a CRMP program underway (since 1986) to restore Pine Creek so that the natura life
cycle of Eagle Lake trout can be resumed and the quaity and quantity of water flowing into the lake
improved. This should be possible, as most (86%) of the Pine Creek drainage is on USFS lands. Many
restoration experiments in the drainage are now underway, such as fencing, erosion control measures and
well drilling to provide water away from the stream. Many of the suggestions for grazing control in Platts
and Jensen (1991) are being implemented. One major factor presently preventing recovery is the velocity
barrier to upstream migration that exists below Highway 44, athough a study by Jones and Stokes, Inc.,
through the CRMP process, has provided methods to solve the problem. Current plans also include
elimination of brook trout from the upper reaches of Pine Creek. Once Eagle Lake rainbows are re-
established, fishing in the creek would have to be closely regulated, presumably with catch and release
regulations. A key segment of the upper creek that is suitable for spawning and rearing is Stephen’s
Meadow, which is privately owned. An agreement must be worked out with the landowner that will alow
this segment to be managed for Eagle Lake trout. A similar situation exists in Papoose Meadows, on
Papoose Creek, the only other stream where Eagle Lake trout once spawned naturally.
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Given the enthusiasm and dedication of the agency personnel working on the Pine Creek CRMP
(and on the Eagle Lake shore grazing CRMP) and the general cooperativeness of local ranchers and
landowners, the restoration of naaturally spawning populations of Eagle Lake trout seems highly likely.
Like the efforts to restore Goose Lake fishes, this could be another demonstration of the success of the
CRMP process, where a species is restored without resorting to formal listing as threatened or endangered.
However, the efforts to rehabilitate Pine and Papoose creeks do need to be accelerated because even with
the best efforts possible, it is likely to be many years before significant natural reproduction will be
acheived with lake-run fish.
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FIGURE 14. Distribution of Eagle Lake rainbow trout, Oncorhynchus mykiss aquilarum, in California.
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KERN RIVER RAINBOW TROUT
Oncorhynchus mykiss gilberti (Jordan)

Status. Class 2. Special Concern.

Description: This subspecies is similar to other rainbow trout (Table 7), but its coloration is brighter and
it has heavy spotting over most of its body (see Moyle 1976).

Taxonomic Relationships: Like the other members of the rainbow trout complex in the Kern River
system, the taxonomic status of this subspecies has been controversial. D. S. Jordan’s designation of this
fish as a distinctive subspecies of rainbow trout was accepted until Schreck and Behnke (1971) described
it as a population of golden trout. Their decision was based mostly on comparisons of lateral scale counts
and on aerial surveys that led them to believe that there were no effective barriers on the Kern River
which might have served to isolate trout in the Kern River from the Little Kern River. However, in a
subsequent analysis, Gold and Gall (1975) determined that the populations were effectively isolated
genetically and physically. Meristic (Gold and Gall 1975) and genetic (Berg 1987) characteristics of O.
m. gilberti are sufficiently distinctive to warrant its subspecific status (Berg 1987). Genetically, this
subspecies is intermediate between the coastal rainbow trout (O. m. irideus) and the Little Kern golden
trout (O. m. whitei)(Berg 1987). Berg (1987) speculated that its origin was due to natural hybridization
and introgression with coastal rainbow trout and Little Kern golden trout, followed by isolation. Behnke
(1992) regards O. m. whitei and O. m. gilberti to be so similar that he is equivocal as to whether or not
the subspecies designations are valid. However, because whitel is aready formally recognized as
threatened, Behnke recommends keeping the subspecies separate for management purposes.

Life History: No life history studies have been done on this subspecies, but its life history is probably
similar to other rainbow trout populations in large rivers (see Moyle 1976 for details).

Habitat Requirements: Little information is available on Kern River rainbow trout, but in general the
habitat requirements should be similar to other rainbow trout (see Moyle 1976 for details).

Distribution: This subspecies is endemic to the Kern River and tributaries, Tulare County (Fig. 14). It
was once widely distributed in the system; in the mainstem it probably existed downstream as far as
Keyesville (below where Isabella Dam is today) and in the South Fork upstream as far as Onyx, where
an impassable barrier exists. Today, remnant populations live in the Kern River from Durrwood Creek
Junction Meadow, in Rattlesnake and Osa creeks, and possibly upper Peppermint Creek, Salmon Creek,
and others (D. Christenson and S. Stephens, pers. comm.). Much of their remaining habitat is in Sequoia
National Forest (29+ km) and Sequoia National Park (40+ km).

Nature and Degree of Threat: This native trout of the mainstem Kern River and tributaries has only
recently been recognized as persisting in a genetically pure form (Berg 1987). Previoudly, it was thought
to have disappeared through introgression with nonnative rainbow trout (Gerstung 1980). As a
consequence, little attention has been paid to other threats to its existence. Primary threats to remaining
populations are introgression with hatchery rainbow trout, habitat losses from poor management, and
stochastic events such as floods, drought, and fire. For example, some of its present habitat suffered from
the Flat Fire of 1976 and subsequent landslides that filled in pools and deposited silt in spawning areas.
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In addition, introduced beaver have significantly atered the river in Kern Canyon in Sequoia Nationa
Park, flooding meadows and increasing braiding and meandering in the channel (D. Lentz, pers. comm.).

Management: Efforts are being made to identify streams ill retaining Kern River rainbow trout;
extensive collections of fish for genetic analysis were made in 1991-1993. A management plan for the
upper Kern River basin (above Isabella Reservoir) was completed in 1995 (Stephens et al. 1995). The
plan contains recommendations for enhancing the native trout populations, based on extensive sampling
done in 1992. Problems addressed in the plan include grazing in riparian areas and heavy recreationa use
of the basin. Population surveys to monitor trout populations and identify habitats in need of
improvement are scheduled on a five year interval. To reestablish populations of large Kern River
rainbow, anglers are now alowed to keep only two fish in most of the upper basin, with a maximum
length of 10 inches (25 cm). CDFG ultimately plans to replace non-native rainbow trout stocked in
tributary streams with catchable size Kern River rainbow trout if hatchery production of the native trout
is successful. According to the management plan, if native hatchery production is unsuccessful, stocking
of nonnative rainbows in tributary streams will stop.
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FIGURE 15. Distribution of Kern River rainbow trout, Oncorhynchus mykiss gilberti, in California.
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VOLCANO CREEK GOLDEN TROUT
Oncorhynchus mykiss aguabonita Berg

Status. Class 2. Special Concern (in native range).

Description: The Volcano Creek golden trout, like other golden trout, is characterized by the bright red
to red-orange on the ventral surface and head. The lower lateral surfaces are a bright gold with a central
red-orange lateral band. The dorsal surface is a degp olive-green. Young and most adults have about 10
parr marks centered along the lateral line. The parr marks on adults are considered to be a genetic
characteristic (Needham and Gard 1959), but they are not always present. Large spots are present, mostly
on the dorsal and caudal fins, and smaller spots are scattered on the back and sides above the lateral line
and forward of the caudal peduncle. The pectoral, pelvic, and anal fins are orange. The ana fins aso
have white to yellow tips, preceded by a black band. The dorsa fin has a white to orange tip.

Basibranchial teeth are absent and there are 17-21 gill rakers. There are 175-210 scales along the
lateral line and 34-45 scales above the lateral line. There are 8-10 pelvic rays. Pyloric caeca number 25-
40 and vertebrae 58-61.

Taxonomic Relationships: The systematics and taxonomic relationships of this taxon has been the subject
of much confusion and controversy (Moyle 1976, Behnke 1992). Originaly, three species of golden trout
were described; Salmo aguabonita from the South Fork Kern River (Volcano Creek), S. whitel from the
Little Kern River, and S roosevelti from Golden Trout Creek. However, the first two forms were
eventually recognized as subspecies of S. aguabonita, S. a. aguabonita and S. a whitei, whereas S.
roosevelti was shown to be a color variant of S. a. aguabonita. Recently, Berg (1987), in a detailed study
of the taxonomic relationships of rainbow trout in California, concluded that the two recognized
subspecies of golden trout are more closely related to the Kern River rainbow trout (O. m. gilberti) than
to each other. Therefore, the Volcano Creek golden trout is considered a subspecies of rainbow trout and
classified as O. m. aguabonita.

Life History: In small streams, golden trout have slow growth rates, reflecting the low productivity and
short growing season of the cold waters they inhabit (Knapp and Dudley 1990). They can live up to nine
years, which is remarkably long for a stream-dwelling trout. In streams, they typically attain 3-4 cm by
the end of their first summer of life, 7-8 cm SL by the end of their second summer, 10-11 cm SL by the
end of their third summer and grow 1-2 cm per year thereafter, reaching a maximum size of 19-20 cm
SL (Knapp and Dudley 1990). Introduced populations in lakes grow somewhat faster; they reach lengths
of 4-5 cm FL during the first year, 10-15 cm by the second year, 13-23 cm during the third, and 21-28
cm by the fourth year (Curtis 1934). In lightly fished lakes, golden trout will reach 35-43 cm FL by the
seventh year. The largest on record from California weighed 4.5 kg and was taken from Virginia Lake,
Madera County.

Golden trout become reproductive by their third or fourth year and spawn when water
temperatures reach 7-10°C, usualy in late June and July. They spawn in gravel riffles in streams; only
rarely will they spawn in lakes. A female is capable of laying between 300-2,300 eggs, depending on her
size (Curtis 1934). The embryos hatch within 20 days at an incubation temperature of 14°C. The fry
emerge from the gravel two to three weeks after hatching, at which time they are about 25 mm TL. In
lake populations, fry move into the lakes from the spawning streams when they are about 45 mm TL.

Golden trout will feed on any autochthonous or alochthonous invertebrates, mostly adult and
larva insects. Although the bright coloration makes them highly visible, there are very few natura
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predators in the range occupied by this subspecies (Moyle 1976). Thus, the bright coloration has been
proposed as an adaptation for reproductive advantage. However, the bright coloration has aso been
implicated as providing camouflage against the bright colors of the volcanic substrates in the clear,
shallow streams (Needham and Gard 1959). When these trout are removed from the mountainous streams
and brought down to low elevation streams, they may lose the brightness and take on dull gray and red
colors (Needham and Gard 1959).

Habitat Requirements: Golden trout are native to streams of the Kern Plateau of the southern Sierra
Nevada, at elevations above 2,300 m. Because the valleys of the plateau were not subjected to Pleistocene
glaciation, they are broad, flat, and filled with alluvial gravel, cresting wide meadows through which the
streams meander. The streams are wide, shalow, and exposed, with limited riparian vegetation to provide
cover for the trout. The bottoms consist largely of sand, gravel, and some cobble. The water is clear and
usually cold, although summer temperatures can fluctuate from 3 to 22°C (Knapp and Dudley 1990). The
exposed, downcut nature of the streams is largely the result of heavy grazing of livestock, which began
in the 1860s, causing compaction and accelerated erosion of the loose aluvia deposits (Odion et al.
1988).

Distribution: The Volcano Creek golden trout is native to Golden Trout Creek (of which Volcano Creek
is asmall tributary) and the South Fork of the Kern River (Berg 1987, Fig. 15), in the upper Kern River
basin. However, this fish has been trandocated into many other waters within and outside California,
including the Cottonwood Lakes not far from Golden Trout Creek. The lakes have served as a source
of golden trout eggs for stocking other waters. As aresult of stocking in California, they are now found
in more than 200 high mountain lakes and streams outside their native range (Moyle 1976). Golden trout
planting has been terminated in all lakes within National Parks. About 100 lakes have thus lost their
golden trout populations (E. Gerstung, pers. comm.).

Abundance: Within their native range, Volcano Creek golden trout occur at densities of 8-52 fish per 100
m of stream (0.02 - 0.17 per m?), with the lowest densities occuring in the most degraded reaches of
stream (Knapp and Dudley 1990). Presumably, densities were much higher before livestock began grazing
the drainage. These trout are common in a number of streams and lakes outside their native range, but
these populations should not be regarded as having long-term viability because of their tendency to
disappear after hybridizing with rainbow trout.

Nature and Degree of Threat: The principa threat to Volcano Creek golden trout is the continuing
degradation of their streams from livestock grazing, which continues (legally) even though the streams
are now located in the Golden Trout Wilderness Area (Inyo National Forest). Predation and competition
from introduced brown trout (Salmo trutta) are a continuous threat. Brown trout were largely eradicated
from their streams in the early 1980s and barriers were constructed to prevent their reinvasion. Golden
trout in the South Fork Kern River are in jeopardy from reinvasion of brown trout because the two
gabions (wire structures filled with rocks) used as barriers are deteriorating due to corrosion of the wires
and to erosion of the rocks by sediment-laden, high stream flows (E. Gerstung, pers. comm.). The barriers
were temporarily repaired in 1992, but the repairs are unlikely to hold beyond 1995 (D. Christenson and
S. Stephens, pers. comm.). Efforts are ongoing to find ways to greatly improve the barriers or to construct
more permanent structures in other locations. In 1993, CDFG biologists found a reproducing population
of brown trout above the lowermost barrier. How the trout got there is not known, but it would be
relatively easy for an angler to have moved fish over the barrier.
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Management: Because this trout has been widely introduced throughout the Sierra and the Rocky
Mountains it is probably safe as a subspecies, athough it can be argued that the introduced populations
are on a different evolutionary trgjectory from the native populations. It is important, therefore, that the
original gene pools of golden trout in Golden Trout Creek and South Fork Kern River be protected as (1)
a source for future fish transplants, (2) a stock that can be genetically compared with introduced
populations and (3) an aesthetic measure. The drainage should be managed in a manner beneficia to
golden trout. The most urgent management measure is the immediate repair or replacement of
deteriorating fish barriers that keep brown trout out of the South Fork Kern drainage. Because accessible
barriers that have golden trout on one side and brown trout on the other are inherently flawed (by t